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PREFACE. 


Tins Dictionary of Photography contains a minute account 
. of the principal photographic processes now in use, and a 
description of the various substances employed by the 
photographer, together with an explanation of optical terms, 
the theory of lenses, rules of perspective, &c. No account, 
however, has been given of such common forms of apparatus 
as may be seen at every photographic dep&t in the king- 
dom, as this would have occupied space unprofitably. My 
object has been „to place in the hands of the practical 
photographer a useful book, which will assist him in the 
endeavour to comprehend the optical and chemical prin- 
ciples of his art, and ,savc him the trouble of referring to 
tho numerous bulky and costly works which I have been 
myself obliged to consult. In my description of the several 
Processes I havo given those ibrinulfe which, while they 
produce the best results, involve tho simplest manipulation 
and fewest materials, rejecting all such modifications as 
appear to bo unsupported by sound reasoning and conclusive 
experiments; in the articles which treat of Optics Ifliave 
endeavoured to explain clearly tho principles of perspective. 
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and the theories of achromatism, aberration, the production 
of images, and construction of lenses j — and in the Chemical 
articles, avoiding what is' hypothetical and uncertain, I 
have confined myself to the description of the known pro- 
perties and photographic uses of the various substances 
treated of. In short my aim has been not so much to 
produce a work abounding with novelties, hypotheses, and 
suggestions, as one containing a plain statement of ascer- 
tained facts, and which may be relied on for accuracy. 

The \yorks which I have chiefly consulted are Dr. lire’s 
“ Dictionary of Arts, Manufactures, and Mines,” the che- 
mical treatises of Gmelin, Liebig, Thenard, Brando, 1 avnday, 
Downes, Pereira, Redwood, and Griffin j and the optical 
works and tutor’s manuscripts which form part of the 
Cambridge course 6f mathematics. To Brando’s admirable 
“ Manual of Chemistry” I am perhaps more indebted than 
to any of the other works mentioned, and I malco this 
acknowledgment with pleasure as I received my first lessons 
in chemistry from that gentleman, at the Royal Institution, 
some twenty years ago. I would also acknowledge in this 
place the assistance'! have received from the valuable papers 
on Photographic Chemistry communicated at different 
times by Mr. Hardwieh to the Photographic Society, and 
by Messrs. Davanne and Girard to the French Photographic 
Society, t The opinions expressed in the present work with 
respect to the organic nature of the photographic imago in 
all the negative processes, and the positive processes upon 
paper, are, I believe, fully' supported by the experiments of 
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tho above named gentlemen; aud may be considered as no 
longer hypothetical, but certainly true. 

I have also to acknowledge the valuable assistance X have 
received from the gentleman whose name is associated with 
my own on the Title page, and who is the author of all the 
chemical articles of tho letters A; B; C. 

This is, I believe, the first Photographic Dictionary that 
has been published in Europo. A similar work was is- 
sued some years ago in America, but I have not been 
able to procure a copy of it. 

THOMAS SUTTON. 


St. Bnitjun]?, .Triisry, 
August Vlthj 1858 . 




PHOTOGRAPHIC DICTIONARY. 


A. The termination a, of chemical names, signifies an oxide. 
Thus, Soda is an oxide of Sodium, Ammonia of Ammonium, and 
Baryta of Barium. Some oxides, as those of silver, gold, &c., do 
not take this terminal, a defect -which hauls to misapprehension. 
The Nitrate of Silver is the Nitrate of the Oxide of Silver, which 
would bo obvious if it were called Nitrate of Argenta, just as the 
similar salt of Potassium is called Nitrato of Polassn. 

Atjeiuution. This is a term much used in Optics, When a 
pencil of light is refracted through a lens, or relleetcd from a mirror, 
it happens in certain cases that the directions of the refracted or re- 
flected rays do not nil pass accurately through a focus. This error 
is called “aberration,” a term whicli'must not bo confounded with 
“ deviation,” q. v. 

There arc many kinds of aberration, but those with which the 
photographer is most concerned arc called "spherical aberration,” 
and " chromatic aberration,” 



I. Spherical Aberration . — This is a term exclusively employed to 
denote the aberration produced, by the veileclion or refraction of a 
pencil at a spherical surface. Thus, in Pig. 1. — 
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and the theories of achromatism, aberration, the production 
of images, and construction of lenses ; — and in the Chemical 
articles, avoiding what is hypothetical and uncertain, I * 
have confined myself to the description of the known pro- 
perties and photographic uses of the various substances 
treated of. In short my aim has been not so much to 
produce a work abounding with novelties, hypotheses, and 
suggestions, as one containing a plain statement of ascer- 
tained facts, and which may be relied on for accuracy. 
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A. The termination «, of chemical names, signifies an oxi<h 
Tims, Soda is an oxide of Sodium, Ammonia of Ammonium, mi 
Baryta of Barium. Somo oxides, as those of silver, gold, &c., d 
not take this terminal, a defect which lends to misn|>prehonsioi 
The Nitrate of Silver is the Nitrate of the Oxide of Silvia-, whie 
would bo obvious if it were called Nitrate of Argon ta, just as 111 
similar salt of Potassium is called Nitrate ofPolassa. 

AuBiutmoN. This is a term much used in Optics. When 
pencil of light is refracted through a lens, or reflected from a mirnn 
it happens in certain cases that the directions of the refracted or v< 
fleeted rays do not all pass accurately through u focus. This emi 
is called “ aberration,” a term which must not be confounded wit 
“ deviation,” q. v, 

There are many kinds of aberration, but those with which lb 
photographer is most concerned are called “spherical aberration, 
and “ chromatic aberration.” 



X. Spherical Aberration , — This is a term exclusively employed t 
denote the aberration produced by the reflection or refraction of 
pencil at a spherical surface. Thus, in Pig. 1,— 
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. Let AB be a single convex lens, mid Q A B a pencil of light 
moment upon it, proceeding- from a luminous point Q. The pencil, 
niter refraction through the lens, will not form a cone of light in 
winch all the rays come to n common focus, but an effect will take 
p acc winch it is important clearly to understand. In the first 
place, the emergent pencil is symmetrical with respect to an axis F S, 
which axis produced passes through the centre 0 of the posterior 
spherical surface A S B. The refracted rays whioh emerge from the 
immediate neighbourhood of the point S form a small pencil, which 
may be considered as having a focus E, called the “geometrical 
focus. The outer rays of the emergent pencil will out the line S E 
at points c, d, 5, ns shown in the figure; the distances E o , E cl, E b, 
increasing ns the distance from S of the point of emergence of a ray 
increases, E b is therefore called the aberration of the ray Q, B, E 'd 
of the ray Q, I), E o of the ray Q, C, and so on. 

When E S is large compared with S A, the aberration E d \ s pro- 
portional to the square of S A. 

It is impossible to construct a single lens with spherical surfaces, 
so that the pencils shall be entirely free from aberration; but by 
combining two or more lenses, made of different kinds of glass, 
or of the same kind of glass, spherical aberration may bo to a great 
extent, although not entirely, corrected. Such compound lenses, or 
*• combinations, are said to be " aplanatic,” a, v. 

1 here are certain forms of reflecting and refracting surfaces and 
lenses in which a particular pencil is reflected or refracted without 
aberration, The only case with which the photographer is concerned 
is that of the parabolic mirror. All rays whioh proceed from a 
luminous point in the focus of the mirror are reflected in directions 
parallel to its axis. 

, m< dh°ds usually employed for correcting spherical aberration 
m photographic lenses are described in the article “ Lens.” 

It is a common error to confound spherical aberration with curva- 
ture ol the image, Curvature of the image may exist where there is 
no spherical aberration, and vice vend. See ’ “ Lens.” 

The nearest approach to a correct focus which can be obtained 
with a lens, when a large aperture is employed, is called the “ least 
circle ol aberration.” 

It will be seen in Fig. 2, that if the various rays of a refracted 
pencil are produced through the axis, there will be a certain posi- 
tion, m, of a circular area through which they nil pass, in which the 
diameter of that circle will ho the least possible. If F a is the 
aberration ol the pencil, the distance of this least circle of aberration 
from F is tlu-ee-fourtbs of F a ; and if the aperture of the lens A B 
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ia small compared with its focal length, C I<\ the diameter of the 
least circle of aberration is proportional to the cube of the diameter 
of the part of the lens employed. 


A Fig. 2. 



TI, Chromatic Aberration . — The light which proceeds from the 
sun, and moat luminous bodies, is found to be heterogeneous, that 
ia, composed of different kinds of light, of different degrees of ro- 
frangibility. Tf a ray of such light is refracted through a prism or 
leas, it mil bo decomposed into its constituent rays ; and if it bo n 
direct pencil passing through n lens, there will be formed a system 
of omergent pencils, corresponding to the different kinds of light 
of which the incident pencil is composed. Sunshine is found to 
bo composed of light of seven different colours, via., red, orange, 
yellow, green, blue, indigo, violet, arranged in the order of their 
refrangibility, red being the least, and violet the most refrangible, 
When, therefore, a pencil of sunshine is refracted through a convex 
lens, the foci of the coloured pencils are arranged along the axis 
of the lens in the order of refrangibility. If wo designate these 
foci by the letters r, o, y, tj, b, i, v, (>• being farthest from, and v 
nearest to, tho lens), the distance between r and v is called the 
“ chromatic aberration” of the pencil. 

_ Tt is found that, by combining n lenses made of n different 
kinds of glass, according to a certain formula, n different coloured 
foci may be united in the sumo point on the axis. When two or 
more foci are thus united, tho lens or combination of lenses is said 
to be “ achromatic,” or corrected for chromatic aberration. In such 
optioal instruments ns are not intended to bo used in photography, 
it is customary to combine the focus Of the green rays with that of 
tho orange but in photographic lenses the violet rays should bo 
combined: ^ with the yellow, See “ Spectrum.” 

A ocMLKiiATO'iis. This nnmo is given to any substances used in 
photographic processes, with a view to shorten the time of ex- 
posure, either in the camera or the printing-frame. In the 
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daguerreotype, bromine and chlorine, and especially bromine, exer- 
cise a very decided accelerating action, the time of exposure being 
reduced from minutes to seconds, They require dilution, and therc- 
ore must be held in solution, or retained by some solid bodies 
iv uch easily give them off in vapour. Under whatever names the 
accelerators used in this process may pass, Woolcott solution, Hun- 
garian solution, chloro-bromide of lime, &c., tlio active principle is 
the same in all. When bromine and chlorine are used in their com- 
binations m the ealotype and other processes by solutions, they have 
no such quickening power. It is probable that the pure iodide is 
not quickened by any addition. 

.the substances winch have been recommended to increase sensi- 
lveness m these processes, may be divided into five classes. Taking 
loc ide of silver ns the basis of all quick formulae, the first class 
includes the other insoluble salts of silver, snch as the bromide, 
mioride, «c., which have all in turns been recommended, but with- 
out good reason. The fact that these salts give a visible imago 
more quickly than the innnixed iodide, has been taken ns a proof 
o greater sensitiveness; but the truth is, the iodide in its best 

Hul .fh r.liniitth 


^ .uun lUM WIO cany decomposed soluble salts of silver, 

„ 0{m acetate. The presence of one or more of these is 

essciitm 1 to forcible development, and this is their principal use ; 

!f y i°/ e mv *° necelornle, in a slight degree, the action of 
light itself The; third class is composed of alkalis and basic salts, 
liiero can be no doubt that acids, in proportion to their oxidizing 
piopm ties, restrain or'neutralize the chemical action of light in tlio 
S y be > Yond Neutralizing any noid present in tlio 

• (1 ° not n P ear t0 . 1D0< % the active power but rather to 
Sf ™ °wn peculiar action in decomposing tlio sensitive layer 
11 i t lU ' th : °J ga E c ™ tter of kinds is said to accelerate, 

but iwf’ 9 i ,gar °v &c. Twenty things have been spoken of, 
S • • ex P™ n f s P 1 ™ thnt > thou S h the y by their power 
nLnT Wlt 1 r T ' !Ccd 9lIvor ’ {0 1,10 visibility of the scarcely 
E Tr fln . d t0 ,ts / innl vigour, their action is really to 

Sr i/pind I ft - Ce n' atC - tl11, tl,cir l )resencc > to proper prapor- 
i V i' * n® 1 *,?" J W lvc Passes, and in all cases, except 

not fr.SY' T ? m ° f tllo . C(jllo<ll °" positive, where intensity m 
c) .l 22 "J d , w ‘ cre or B amc ™ Ucr gives drab tones. The Inst 
w Sh n ! ■ f b0< ,CS ' n 7 lg n st , 10ng (lc8ire for more oxygen, and 
, hi nnlm ' C an \ ? mny be ,’ USea us rf wclopen. Gallic acid, used 
m the ealotype and iu several prowess, and iodide of iron, which, 
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when the film is formed, becomes nitrate of iron, are supposed tc 
act ns accelerators ; but the effect is more to client the operator, b>, 
carrying on the development simultaneously with the exposure, that 
to favour the veal ictus of the solar ray. 

The truth seems to be, that a certain finely divided, semitrans- 
parent, pappy and neutral condition of iodide of silver is obtain- 
able, which with a minute excess of nitrate, in our wet processes 
gives the most sensitive surface yet discovered. There are oertaii 
mechanical conditions, and conditions of temperature, molecuhr 
arrangement, proportions, dryness, optical correctness, and easiness 
and smartness of manipulation, atmospheric pressure, and other in 
lluencos, which all affect the impressibility of a chemically prepare! 
layer 5 but these will bo better treated under the word “ Sensi- 
tiveness,” q, v. ■ 

Acetates. Compounds of acetic acid and oxides, ns acetate o 
silver, which contains acetic acid, silver, and oxygen. They nr 
generally used either to neutralize free nitric acid in N. S. solution 
and substitute acetic acid for it, which interferes less injurious!; 
with the production of the image, or elso to form a small quantity o 
acetate of silver in connection with iodide of silver, and thereby ndt 
vigour to the impressions. They are formed by dissolving tli 
oxides in the acid, or by adding neotie acid to the proper carbonates 
when carbonic acid is driven off with effervescence. Tho acetate ci 
soda is most convenient. 

Acetate of Ammonia. N II 4 0, Ac 0 8 . Kept in nqueou 
solution, and formed by saturating carbonate of ammonia wit! 
.acetic acid. It is used like tho acetates in general, but is not s 
suitable as acetate of soda, on account of the nitrate of ninmoni 
formed. 4 

Acetate of Iron; There are two acetates of iron, but one, th 
peracetnte, is not used in Photography. The protueotatc, or neptat 
of tho protoxide EeO, Ac 0 3 has been used to develope bot 
positives and negatives ; and when it is used, 20 grains to tho ounc 
of water, it gives the negatives greater opacity than either tho nitrat 
or sulphate of iron. To make it, mix solution of 180 parts of sul 
phate of iron and 100 of acetate of lead, or saturate acetic acidb 
sulpliuret of iron. 

Acetate of Lead. Sugar of lend of commerce, Pb 0, Ao 0^ 
8 11 0 = 190, is sold in crystals of various purity. They are casil 
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IS" by , 1 e-crystallization. This acetate is produced by digesting 
litharge, which is oxide of lead, in acetic acid more or less pure, or 
by exposing plates of lead to fumes of the acid, and dissolving tho 
superficial coating in excess of acid, This and other salts of lead 
added to , ^ N. S. bath, to increase sensitiveness in the 
lon i P 1 °Gess, which they do by setting up partial decomposition 
and forming basic salts when the bath is old ov impure. The film 
. f en 80 eflsll y reducible that gallic acid wiU develope it, but tlic 
piotuie will not be clear, Acetate of lead added to the ordinary 
developers, is also said to increase the density of the negative. 

li n d C f TArE i , Ca ^8* Silky acicnlnr prisms which 

lmve been added to the developer, but with no well-defined object. 

• ^ K ^ ATE °_f Potass a, Ko Ac 0 3 . Most conveniently preserved 
IL ° Jfr 011 ’ ? r I,my Je fuse( J’ n . nd t,ms dried > ^ is difficult to 
d fr s ? m .g‘ , Tt ls ? lsed t0 di8C °ver the adulteration 

solution Sir! 1 T T- 5 fo . i ; i w, ' lch .P. ur I )oae ad(1 it to tho saturated 
Tt « tl ie tartavio will precipitate as hitnrtvate of potnssn. 

isformcd ^-minute quantity in 

Si fn !? n l£ 1 t,l , e etlie . r , 103 been kept. This is rather bono- 

n S i nhVe8 r but -r° lda essen tho 8oftness Rnd half tone and 
nyuie tlie eolour of positives. 

JEffik LV S’ %? A ? A’ A snIt of sil ™ vcl ’y nearly 

foimJ^Mfe • T 16 h 6 Wlu - Ck water wiU tnko np 1133 feeeii 

StSSf M P roco88e8 » ^ excluding tho 

f f T shing oxide of 8il ™ t0 the organic 
matter piesefitj It thus favours quickness and vigour. In its 

action on. organic matters, it resembles acetate of lead, which 

SSftSfTl*-! de . COm P 08e9 ’ iorming insoluble com- 
pounds with -the lead in a basic state. The red compound of 

iSlLTx Ln 8 ‘ i C1 ’ f0nUed in (leve, °Pi»g. readily attaches to 
m^e wlSrh d h ^Ln r ( it C °'r P081Ilg whilo tho bluer 

k7't n l m Z { r- lrom r gft " ,C maltor > is intensified inucli 
JJ* ” tbe ace ! n,c 15 used to saturation in a N. S. bath for 

SwroK^V VM . ]Wh,C “. 8UCh ° X0C9siv0 ^©Position of 

excess of wlmt ;» ,L ' 6 ? ncgatl ':°' Tl,c quantity in 

excess ot what is necessary to exclude nitric acid will bo found 

sufficient; and as its effect is the snme in all tlie processes it must 

not bo used for collodion positives, of which the deposit should bo 

P ° S3lb ■ 11 !lhv ^ s re( l«ires the presence of some free 
acetic acid to prevent its causing fog by its alkalinity. Papers for 
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printing by development, or for sun-printing, may be prepared with 
it in the same way as citrate or chloride of silver papers are pre- 
pared. To procure it in crystals, mix together solution of 137 parts 
of crystallized acetate of soda and 170 of nitrate of silver, when the 
crystals are thrown down in a lamellar form, 

Acetate op Soda. The crystals are Na 0, Ac 0 3 , 6 II 0 = 137. 
This is the most convenient acetate for the photographer, and he 
may make it by saturating common washing soda (carbonate of 
soda) with acetic acid, or vinegar, and afterwards crystallizing and 
recrystallizing. It is important also as the source of pure acetic 
acid. 

Aoetio Acid. Ao O a II 0 ; or C, t If B 0 3 , II 0 = 60. This 
acid is used in the developer in the cnlotype, wax-paper, albumen 
and collodion processes, to check the spontaneous decomposition 
and too rapid action of the developing compound, to keep tin*, lights 
clean, and also to mnko the developer ilow evenly and bite uni- 
formly into the film ; it is used in most solutions of N. S. which 
are intonded to excite iodised surfaces on paper, albumen, collodion, 
and other vehicles, and wherever N. S. is employed it is more or 
less useful: it is added to gallic acid to losscn its tendency to 
become mouldy : it has been used ns n solvent of xyloidino, to 
form a film, and is altogether of very' extensive and important ser- 
vice in Photography. It is therefore of moment to get it pure and 
understand its action ; and it is of the more importance to know 
what ends it answers, because it is so generally useful, that it has 
been recommended in cases where it would be injurious, ns in the 
N. S. bath for collodion positives, where all organic matter, whe- 
ther acid or otherwise, should be avoided, and whore nitrio is the 
proper acid ; and also in collodion, which should be preserved in a 
strictly neutral condition, except in special enses. In order to see the 
effects it produces, lot a person try a collodion negative from ft bath 
made of commercial nitrate of silver, smelling strongly of nitrio acid, 
vet otherwise pure : tire resulting imago is slowly impressed, feoble 
in character, and blue in tone, but clear and distinct. The addition 
of carbonate of soda, until slight alkalinity is produced, makes 
the picture much redder, much quicker in its formation, with much 
fog and hut little increase of strongth. Acetic aoid in slight oxcess 
of the alkali now shows itself, by restoring clearness entirely, by 
reproducing slowness and blue tone in a very slight degree, and 
at the same time by a marked improvement in vigour and beauty : 
and up to a certain point every drop increases these effects ; but it 
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is remarkable how little the sensitiveness is impaired. Its effect in 
development is best studied by comparing' two solutions of N, 8. 
mixed with pyrogallic acid, one containing acetic acid, the other 
containing none, and observing how much the acid retards the 
blackening which such solutions undergo. 

Other acids exercise an influence similar to, but not identical 
with, that manifested by acetic. 

Acotio aoid is formed, under the name of vinegar, by the ferment- 
ation of malt liquors, and of wines and spirits : it is also pro- 
duced in the distillation of wood, when it is called pyroligneous acid. 
In both eases it is contaminated with organic matters, which colour 
it, and, in wood vinegar, make it empyreumntic and tarry. I f added , 
in these states, to N. S., the nitrate is discoloured by light, and it 
black precipitate gradually formed. Tl»o pure acid is obtained from 
tiiese vinegars by saturating them with oxido of lead, enrbonnto of 
soda, or similar substances, crystallizing out tlm puvo acetates, 
and submitting the • pure salts to distillation with sulphuric or 
hydroohloric acid. The acetic is driven off by the stronger acid, 
a portion of which is apt to go over with it : and when this 
is the case, the acetic acid, when added to njtvnto of silver, will 
throw down chloride or other salts of silver, and weaken the solu- 
tion ; in development the same cause will weaken or even arrest 
the appearance of the image. It should therefore bo tried with 
N. S,, and with chloride of barium, before uso. 

The strength of pure acetic acid is very variable, and cannot 
pe determined by its specific gravity. Tho most constant is tlm 
‘‘glacial, which below *10° of temperature becomes solid. When 
it. does not solidify, the only means of knowing its strength is by 
observing the quantity of crystallized enrbonnto of soda which i's 
necessary to neutralize it. The dilute acetic acid of tho London 
1 hnnnncopann, sold by the druggists, should bo such that one fluid 
ounce saturates 57 grains: the acetic acid fortior, of tho Phar- 
macopoeia, or the acid called .Beaufort, should take 890 grains to 
the fluul ounce ; and the glacial requires 1086 to the ounce, or 12SJ 

, t! | e foud draenrai When pure, any of those may bo used by 
calculating from these numbers the equivalent measures. The mini- 
tiers 1 7, and 18, are near enough; but it would bo better if a 

l n 'l a , r I a, T u J. wei ® lu f 1 b y photographers, easily verified by u 
standard solution of carbonate of soda. J 

wnHh° alte "* liD & 11,0 employment of this acid are 

hnnX mj n 'it"' A ®. nsc<l * ll . 18 r,b lll,IC9 dear ns citric; it is 
S » and m travelling; its fumes are inju- 

rious to the binss work of the apparatus, and unpleasantly strong,. 
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and it is of very uncertain strength. It is apt, by solvent action on 
the si/.e of paper, to render it absorbent, and to cause the picture 
formed on it to “sink” and lose brilliancy. And it is apt, when 
present with alcohol, as in the N. S. bath and collodion, to form 
acidic ether, which injures the transparency and strength of tho film, 
mars the sensitiveness of the plate, and impairs the detail of the 
image, On these accounts citric add may possibly supersede it. 

Acetic Etiieii, Formed occasionally in ether, by air and light, 
and injurious in collodion, because it in some degree, lessens its 
transparency and injures its tenacity. Its photographic effect. re- 
sembles that of acetic acid : and it decomposes the contained iodide, 

Aceto-iobide op Iron. Solution of iodide of iron (q. v.)> with 
acetic acid added to lessen its injurious effects. 

Aceto-nitrate op Silver. A mixture of acetic acid with solu- 
tion of N. S. : the proportions arc given with the processes. . When, 
tho solutions are concentrated, noetic acid precipitates nitrate of 
silver, but not wl«n they arc dilute, if pure. The reason why 
the weaker acid, acetic, bore displaces the stronger, is the sparing 
solubility of acetate of silver. 

Achromatic, See “ Aberration.” 

Aoids. The uses of acids for special purposes, not aetino-chcmir 
cal, ns in the making of pyvoxylinc, cleaning vessels, removing tho 
size of paper, &c,, nvo specified under the proper heads. . Their 
action in photo-chemistry is what concerns us here. Acids arc 
substances sour to the taste, which chango vegetable blues to rods, 
and which unite with alkalis or other bases in such n way ns to 
neutralize each other’s properties. They aro of two kinds, chemi- 
cally considered : oxy-aeids or acid oxides, and hydracids or com- 
pounds of non-metallic substances, and somo compound radicals 
with hydrogen. The hydracids decompose tho soluble si.lvor salts, 
and therefore completely bar the development of photogenic images, 
while the decomposition of the acids also prevents our studying 
their effects, on tho formation itself of tho imago by light. The 
oxyaoids ns a class exert in a greater or less degree a .retarding 
effeot on the rapidity of fonmitiop of tho image, which is very re- 
markable; this is in proportion to their oxidising power, The 
gallic and pyrognllio aoids exert, on tho contrary; a powerfhl reducing 
or deoxidizing- r influence, which has made' of them our most useful 
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developers. But wlule gallic 1ms very feeble acid properties, pyro- 
gallie is not strictly an acid at all s and both act more like sugar 
and otliei' neutral organic substances, than like true acids. 

Of the oxyacids, those which produce insoluble salts of silver 
wlion present in the Him or the N. S. bath, retard the production of 
nil invisible image by the liberation of free nitric acid, and if they 
are added to the developer, they will partially or entirely annul its 
action : they are the oxalic, phosphoric, sulphurous, and others. 
Those which give salts of silver more or less soluble, vary in their 
effects according to their oxidising power, The vegetable acids, as 
acetic, citric, malic, and tartaric, are the lowest in the scale ; the 
mineral acids, perchloric, sulphuric, See., are next, and nitric is the 
strongest, One twentieth of a minim of nitric acid in the N. S. 
bath, will perceptibly injure its sensibility, and will have a still 
more decided effect in weakening the developed imago, and keeping 
the reduced silver pure and free from organic matter. The organic 
acids, however, affect the sensitiveness but little, while they give 
colour and intensity in a considerable degree. These effects are 
most strongly perceived when the acids are added to the exciting 
bath ; but a, lavger quantity added to the developing solutions have a 
corresponding influence. The difference observed in various kinds 
of collodion, ether, paper and its sizing, and other material, may bo 
always traced to the presence of acid bodies. In all negative pro- 
cesses, it will he judged essential, in consequence of these established 
reactions, to remove every trace of nitric acid, and make use of a 
vegetable acid to preserve clearness. The acetic, malic, and suc- 
emio, act: much alike, but the acotio is rather the best negative 
aoid j and all may be used in tolerable quantities without very rapid 
difference in the restilts. Citric acid must be used much move 
carefully, for while even 5 or 6 minims of acetic may be added to 
each fh ounce of the N. S. bath without causing vastly more change 
in it than 1 minim, oitric must be added by proportion at least 20 
times as small, and each addition will increase the effect per- 
ceptibly. 

The consequences of employing acids in the fixing, toning and 
other solutions, with the effects of acids in reacting on finished 
photographs, will be discussed under the proper words, 

Actinism. (Greek 1 attnv, a ray). A ray of light, whether 
proceeding from a heavenly or terrestrial body, is found, «in- general, 
to possess three propertics'|vi^, tlie luminous, tlm. calorific, midfcho 
actinic. I he actinic is that chemical property of tlio ray, which 
produces important clioniical changes in many substances submitted 
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to its notion, and on which the whole art of photography is founded. 
When a ray of light is decomposed by refraction through a prism 
into its constituent colours, it is found that actinism exists chiclly 
among the violet, and scarcely at all among the yellow rays. 
Hence the importance of combining the violet or actinic focus of a 
photographic lens with the yellow or luminous focus : for the actinic 
rays produce the photographic picture, while the luminous rays 
render the image visible on the focussing screen. 

Actinograph. A name given by Sir John Hcrschel to his 
“ self-registering photometer,” 

Adhesion, Attraction op. A remarkable instance of this 
kind of attraction occurs iu the intimate union which takes place 
when a collodion picture film is transferred to gutta perehn, leather, 
paper, waxed cloth, and other surfaces. The collodion appears to 
enter into the pores of the material in such a way that it cannot be 
rubbed up, and it is very difficult to detect its presence. Air 
adheres to paper and metal surfaces so closely, ns often to interfere 
with their being easily coated or wetted. 

Aerial Perspective. The earth’s atmosphere contains, be- 
side air, aqueous and other vapours partially condonsed, and also 
solid particles which senttef light, and. thus render themselves moro 
or less visible. The air is of a blue colour. Hence it follows 
that objects are viewed through a medium which imparts to them 
more or less of its own blue local tint, according to their distance, 
and covers them with more or less of indistinctness. These effects 
are called “ aerial perspective,” and it is erroneous to suppose that 
photography cannot faithfully reproduce them. On the contrary, it 
is frequently found to exaggerate them, and the reproach under 
which it has lain, of representing nature like n hard and distinct map 
upon one plane, has originated in the timid practice of photo- 
graphers, in avoiding the very class of objects which they should 
aspire to copy, and in confining their practice out of doors to those 
cases in which the unusual clearness and distinctness of distant 
objects; seemed to invite tho camera. But everyday, ns Hid real 
capabilities of landscape photography are better understood, the 
photographer should become more ambitions, and seek for those 
very studies, which, in tho infancy of the art, wero--. esteemed im- 
practicable. Skies, moving water, animate objects* mists, haze and 
all atmospheric effects, should now engage, his earnest attention. 
It will bo observed, that aerial perspective tsduoreased in proportion 
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as the . vaporous and other particles’ in the atmosphere are more 
strongly illuminated, and is therefore greatest in the direction of the 
source or light. 

jEscultne. a white powder, obtained by deposition from a 
stiong alcoholic solution of horse-chcsnut bark. A mere trace, dis- 
fi , v ^ 8 P ri «g water, communicates to it a blue opalescence ; and 
the cilects of its solutions on luminous and actinic rays are instruc- 
tivo ftua curious. It has the property of rendering the chemical 
rays visible; and tins lias been taken advantage of where there is a 
great distance between the chemical and visual foci of a lens, to find 
the place of the chemical image. Otlior bodies lmvc the like pro- 
perties. See Fluorescence.” 1 


F . PI 1 NrT ^. power of attraction which causes dissimilar 

clienuca 1 substances to combine. It is wrong to reason ns if the 
ms ly cd photographic operations was always in accordance with 
the usual afhiuties of bodies, because light, like electricity, will over- 
come, and even sometimes reverse the order of the strongest of them. 

■^ U ® NI8 ? 1 ! R ; , Pos . itivo Points on plain paper are some- 
times mealy and deficient in vigour. In such cases, it is thought 
by some persons an improvement to impart a smoothness and glaze 

° f T ,e BP® 1 ’ b « Y r . llbbin g 1,11 over with u polished 
tins operation the paper should bo laid face 

Eft ° n '' 8 “ b ° f P nt6 g a83 - ,uarbic * or other ]md l>°l'9hc<l 


.. 

^Air-pump Process* A process in which, the paper being pn- 
S il! V !° U i’ W "i 8 ou , n<1 , l ? be morc re, ' <lil y impregnated with Dm 
gSanLXptei! ' WM n0t ^fiioientiy practical Co b» 

,vI,th B ,? IEN ' T ( . his ’ iR Photography, means the white of nn egg, 

and pm ° f i nn ° , lfc ' J fe 18 1,86(1 bhfpaper for both negatives 

vehiefp fivTp an(l ? n g , nSS fo1 ’ ne g fttivcs an<l din-positives, ns a 
\cluclc foi Die sensitive s.lvcr salts. For negatives on paper, albu- 

i ; 3e(, /°, i ‘ th ° snme t,mt coi, ° dio1 * 
tlli nt" T 1 ,°.P ni,er; U , mt is ’ be » the advantages 
the albumen and collodion are then partly lost. It is not so 

!“ Tl Collo(llon, lro,n it8 . moro 1,01IJ y nature and its being dry; 
ut lb the same reasons, it will keep longer when sensitized, 
lioin its entering into combination with nitrate of silver, it gives u 
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blacker image than, collodion or gelatine, and one more inclined to 
become yellow : the image, from its organic. character, is also more 
soluble in hypo and other solvents of the silver salts, and is there- 
fore reddened and weakened more in fixing. The blackness of the 
image makes it the best material for transparencies on glass j but its 
tendency in negatives is to give hard cutting pictures, mul it is mow 
troublesome than collodion in the manipulation. When applied tc 
paper for printing, it givc 8 the power of rendering the details of the 
negative with extreme sharpness and great transparency in the 
shadows 5 but the smoothness is scarcely artistic ; and. when tlu 
glazed surface is perceived by the eye, it becomes offensive. Tim 1 
veil which sometimes covers pictures on plain paper is never scon 01 
albumen 5 but, on the other hand, plain paper gives good tonci 
with greater ease and certainty. 

Albumen retards the notion in the camera or printing -iraino, bu 
increases the beauty and vigour of the imago. It combines, like ,othe 
forms of organic matter, with bases and basic salts, which arc fclvci 
called albuminates. Thus, in the paper processes it unites with am 
is coagulated and rendered insoluble by the N, S., and .the surfac' 
becomes a layer of chloride and albuminate of silver, which does no 
require any application of heat, as some suppose. It is this eombi 
nation chemically with the silver salt which reddens the tone ol th 
reduced silver ; for those organic matters which have no ooinbinini 
have also no colorific power. 

Albumen is, before coagulation, soluble in water, and is most fre 
(piently move or less diluted with water in nil tho processes, t 
increase its fluidity. The entire destruction of the minute membra 
nous colls in which it exists in the egg, either by mechanici 
violence, ns in whipping it, or by the addition of a small, portion c 
alkali, which dissolves them, is necessary to the obtaining of 
uniformly clean layer, and the alkalinity may bo neutralized nftc 
tho application of it, to the glass or paper, by acetic acid in tho oxcil 
ing solution. 

Albumen Processes. The albumen processes now in use ni 
as follow ; — 

1st. Tho positive printing process on nllnimenized paper. 

2nd. The negative albumen process on glass. 

3rd. The din-positive process on nlbumcnizcd glass (st 
“ Lin-positive ”). 

I. Alrumenized-paper Printing Processes. 

There are two processes to bo described ' under , ifiliis bend— a sui 
printing process and n development-printing pVocb&v 
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!• The Sun-printing Process, 

To prepare the Albumen ,-^ Take a sufficient .number of fresh- 
iaui fowls eggs, each of which contains nearly an ounce of nlbu- 
men Break each egg- on the edge of a cup, and collect the 
white, or albumen carefully rejecting the germ and yelk. Put nil 
these whites together into n large basin, and add an equal quantity 
or clean ram water, and 6 grains of common salt to every limit 
ounce of the mixture. Then beat the whole up to a very stiff froth 
with a bunch of quills. Allow it to settle till the next day, and 
decant the liquid, which is then fit for use. 

Tiie albumen, before being beaten up, is contained in small mem- 
branous cells, winch are broken in the process of beating, and the 
albumen liberated. . _ Tins membranous tissue is highly soluble in an 
a kali, and the addition of a few drops of ammonia to the albumen 
has Been recommended by M. Davanno, as a means of rendering it 
moie mini. The ammonia, being volatile, mostly escapes from tho 
allmmenized paper while drying. 

The proportion of water to the albumen may be varied according 
to tho nature of the subject to be printed. More water gives less 
glaze, and vice-versa, ; 

To Albunienize the Paper .- Filter the salted albumen through 
L 0 ? C 1 S 0f , T, mi ! sll, b Previously damped, into a shallow bath, to 
t ip depth,; of at east a quarter of an inch. Turn back a corner of 
ftU( ? P 1 ^ 6 % fncc , of H on the liquid, leaving it in contact 
for about n minute. .Then hang it up to dry, by pinning the dry 
coiner to the edgo of ft. shelf. Unless tho membranous cells which 

ZSw. r 6 nr6 1 tlwrou g% broken up, it is very liable in 

tli \ mg to form streaks and waves on tho paper. 

Che best paper to employ is that which has, the smoothest and 
finest surface, lhe paper manufactured in Prance by Messrs, 
aim ion, and Canson Pitres, is generally preferred, 
crrnfn Me Paper ,—. Plont the .'albumenized side on a 00 

dark 1 & for twd numite8 > and, hang it up to dry in tho 

This is tho full strength of the bath. A weak negative requires 
a stinng silvoi bath, and a short exposure; a strong negative a 
weaker silver bath, and n longer exposure. 8 8 

s'aar tl,c p ™ 1 is somc ' vtat ^ ti “ 
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To fix and tone the .Print ,— Immerse it nt once in a fixing nnd 
toning bath made thus : Dissolve eight ounces of hypo-sulphite of 
soda in eight ounces of clean rnin wnter. In n separate . vessel . 
dissolve eight grains of chlorido of gold in cight.ounccs of distilled 
water. Add the latter solution to tho former in small quantities 
at a time, stirring well after each addition. The mixture will 
assume a milky colour, This is the fixing nnd toning bath. The 
print is to remain in it about half an hour, or until the desired 
tint is produced, 

Tho fixing and toning bath may he used several times, and several 
prints may bo placed in it at a time ; but it should be thrown away 
as soon as it becomes dark-coloured, or tones feebly. 

To remove the redundant Chemicals from the Taper . — This 
is effected by copious washing, and long soaking in water changed 
several times, Some persons use wavm, or oven boiling water, in 
tho final .operation. The print is then pressed between clean 
cloths, and hung up to dry. The chemistry of the process is now 
completed. 

Tho edges should bo trimmed, and tho print mounted as soon as 
possible, ns. handling it with the lingers is very likely to produce 
faded spots and stains. See “ Mounting.” 

2. The development-printing Process. 

Thq particulars of this process will bo found under the head of 
« Printing by Development." . The paper must bealbumeni/.ed in tho 
same way ns for sun-printing, nnd tho remaining operations are 
identical with those for printing by development on plain paper. 
It may be ns well, however, in this process to omit tho ammonia in 
tho albumen bath, ns free alkali in the paper is likely to occasion 
discoloration in the process of development. 

II, ALDUMEN-NnaATi.vK 1’jiocnss on Glass. 

To prepare the Albumen . — Collect in a basin the whites of a 
number of eggs, carefully separating tho germ, nnd nil portions of 
yolk, To each ounce of this albumen add ono drain of distilled water, 
in which is dissolved 6 grains of iodide of potassium ; also to oyery 
B ounocs of the mixture add one drop of ammonia. Beat the whole 
to a stiff froth with a bunch of quills, nnd. allow, the liquid' tp^bltlo 
till tho following day. .... , 

To alburnum the JPfote.— The glass plato>mii8.t bo cleaned 
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■very thoroughly, and polislied with a cambric handkerchief just 
before use. (On this head see the article “ Cleaning.”) Attach to 
the under side of it a gufcta percha plate-holder, having a wooden 
handle a foot long. Then, breathe on the plate, and, holding it 
horizontally in the left hand, pour upon the centre of it a sufficient 
quantity of the albumen from the basin to cover it, allowing the 
albumen to filter through an opening in the dry froth or crust. 
Make the albumen flow backwards and forwards over the pinto three 
or four times, and then let it all run off into a separate basin, from 
which it must be carefully filtered before being used ft second time. 
In coating the plate, be particularly careful to prevent air-bubbles 
from forming upon it. Next, take the handle of the plate-holder 
between your hands, and, with the plate in a vertical position, spin it 
round quickly for a minute or so, in order to drive the albumen to 
the edges by centrifugal force. This done, remove the. excess of 
albumen from the edges by means of a pipette (nee “Pipette”), and 
dry the plate before a dear fire, keeping it rotating all tho time by 
means of the handle, as before directed. When dry it is ready for 
the next operation. Albumenized plates may be put away in a plate- 
box, and kept for a considerable time without deterioration in a dry 
place. Cure must be taken, in the operation of albumenizing Urn 
plate, that no particles of dust adhere to it, 

To excite the Hate . — Plnec it on a dipper, and immorso it 
quickly and without hesitation in a vertical bath of nceto-nitrate of 
silver, made thus : Distilled water 1 ounce, nitrate of silver BO grains, 
glacial ncetio acid 1 dram. Leave it in the bath for a couple of 
minutes, then wash it wplL-'in clean water, and lastly in distilled 
water, and set it up to dry. When dry put it away in the plate-box 
until ready for use in the camera. It may be preserved in a 
sensitive state for several days. Somo persons add a few drops of a 
solution of iodide of potassium to a new nit rate bath, and filter it on 
the following day, in order to saturate it. with iodide of silver. 
When this is done a new bath is not so liable, to attack the iodido of 
silver in the film. 

The JExpo&urc , — -Albumenized plates, fipm which the excess of 
free nitrate of silver has been removed by washing, are, whether used 
in a dry or wet state, extremely insensitive to light; but, when only 
slightly washed, exposed at once, and developed With u strong 
developer, a muoh shorter exposure is sufficient, This should bo 
timed solely with reference to the shadows, tho lights being left to 
take care of themselves. When the camera is properly constructed, 
so ns to prevent, stray light from falling on tho pinto, it is hardly 
possible to over-expose a dry, washed, albumenized plate. 
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To develop the Image. — First, immerse the pinto in distilled 
water ; then place it in a lovclling-stnnd, and pour over it a saturated 
solution of gallic acid, to which a few drops of nceto-nitrnte of silver 
have been added. The development occupies about twenty minutes. 

To fix the Picture.-— Wash the plate in rain water, and pour 
over it a nearly saturated solution of hyposulphite of soda. This 
will quickly remove the yellow iodide of silver from the film. Then 
wash the plate well under a tap, and dry it before the lire. 

The negative may be varnished with any good varnish, {see “ Tar- 
nish,”)' but this is not always done. 

III. Alhumkn — Dia-positive Pitoensa on Glass. 

Positives obtained by this process are intended to be viewed by 
transmitted light. Tho manipulation is so nearly identical with that 
of the albumen-negative process, described in tire foregoing article, 
that it is only necessary to point out the diltercnce between them. 

The negative to bo copied is placed either in a copying _ camera, 
{see “ Copying Camera,”) or in direct contact with the sensitive plate 
in a pressure-frame. In tho latter ease the plate must be used dry, 
and the exposure to diffused daylight, or artilicial light, only occupies 
a few seconds 5 in tho former ease, the plate may be either dry or wet, 
and the oxposuro is considerably longer. Tho wot process is the 
least troublesomo, and yields the best results, because tire operations 
of exciting, exposing, and developing, may then succeed each other 
at once, and less time is allowed for a combination to take place 
between the silver and albumen, which causes the lights of tho 
picture to assumo a yellow tint. Tho development is also a much 
quicker operation in tho wet process, more nitrate of silver being 
allowed lo remain on the plate, and for this reason also tho lights 
are less likely to assumo a yellow tint. 

Tho difference between this and the negative process consists 
chiefly in the employment of a gold toning-bath, in order to vary 
and improve tho tint of the finished picture, Thus, boforo fixing 
tho. picture, pour over it a little of the following solution : — 1 grain 
of sel d’or, 20 drops of hydrochloric acid, and two ounces of distilled 
water. Allow this to remain on tho pinto a short time, until the 
shadows assume a purple tint 5 then wash it oil’, and fix as before, 
IHn-posilivos on glass should bo viewed with the plain ( side; of 
tho glass next the eye j and against the film Uni rough side of ia 
finoly ground gloss should bo placed,' the two . glasses being bound 
together at tho edges with a strip of tape 'Or paper pasted ■ OVtir 
them. In this way tho print is protcotod from injury, and has a 
proper semi-transparent background, 
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The chief use of this process is for printing transparent slides for 
the stereoscope. In this operation it must be remembered that tho 
picture taken from tho right station must be viewed by the right 
eye, and mce-versd ; and also that the objects in the view must 
not be reversed as regards right and left. It may therefore bo 
necessary to place the negative in the copying frame with its bank to 
the lens. Matters of this kind must be carefully considered by tho 
operator j and his ingenuity will suggest the proper way of proceed- 
ing in every case. No general rules need be laid down in this place. 

Albuminate of Baryta. Strictly speaking, this should be a 
salt of albuminio acid and oxide of barium. It is said to be formed 
when albumen papers are salted with chloride of barium j but the 
compounds formed by albumen and other such substances with 
bases and basic anlts, require to be further examined. . An inquiry 
into thoir exact composition would throw much light on photo* 
graphic chemistry. 

Albuminate of Limb. A compound analogous to tho pre- 
ceding. 

Albuminate of Silver. The white precipitate which falls 
when albumen is added to a solution of nitrate of silver is called by 
tliis name. It would imply that it is a neutral salt of albuminio 
acid and protoxide of silver $ but there is not sufficient proof that 
tho silver exists in it in the state of protoxide in combination with a 
normal acid body. , Al\)um^i}}s; alkaline, and. an animal substance 
of a very complex, nature^, cqntaimng'iOven inorganic salts essential 
to its constitution, ; Tt, therefore undergo os 'decomposition in con- 
tact with nitrate of silver, find all that ban be said is, that tho pre- 
cipitate contains organic matter and som%6xido of silver, of which 
the former acta tho part of an acid, and Clio latter of a base. 

Aliiuminatd op Suboxioe or Silver. Tho red compound 
formed when light, reddens the ulbuminnto of silver, and containing 
less oxygen than it. 

Alcohatbs. Crystallized salts, which include alcohol in their 
composition, in the place of water of crystallization. Without 
forming a true aleohnte, alcohol sometimes ‘modifies the forms of 
crystals deposited from its solution, ns in tho case of the collodion 
iodizing solution, made with nearly absolute alcohol, saturated with 
iodulo of potassium. Instead of pure cubes, tho forms are then 



ALC 


19 


more or less acicular, shooting in directions at right angles to one 
another. 

Alcohol. On this important substance the remarks interesting 
to a photographer will be, its special uso in the collodion process, 
its effect as organic matter on the photogenic image, and its assist- 
ance in developing. Pure alcohol as organic matter is nearly inert 
in photolytic processes, but when decomposed or oxidized with 
ether, by long use in the exciting hath, organic principles are formed 
which act like strong acids, and their effect is too injurious to he 
attributed to the formation of acetic acid. Such a bath, if evapo- 
rated to dryness, will show that the organic matter is in combina- 
tion with the nitrate of silver; for on fusion the salt froths violently 
as long as any organic matter is midecomposcd. Added to the 
collodion developers, it lias been found very beneficial in making’ 
them How ovcnly and quickly over the plate 5 but it has not been 
tried ns it deserves in the development of paper negatives. When 
it is added to tho solution of gallic acid, it is easy from its greater 
solvent power to get the proper strength, and there is less tendency 
to the formation of crystals and stains, than when concentrated 
aqueous solutions are employed. The spirit has greater power also 
of penetrating into the wax and size; but this property, though 
useful in negatives, forbids its uso in paper positives, where surface 
vigour is requisite. 

Tho most important use of alcohol is in collodion, and attention 
must bo paid to its strength and purity. 

Absolute alcohol of S. Q. 796 or 75*2-5 above proof, is very 
difficult to keep in uso, because, from its strong attraction for' water, 
it vapidly absorbs it from tho air. Jlut this is not necessary to the 
photographer. Absolute alcohol is not tho best for collodion, cither 
as respects tho physical or chemical qualities of the article, When 
iodide of potassium (tho most generally useful iodide) is used in 
collodion, is so little soluble in alcohol 4 - ether, that if the strongest 
spirits arts employed, tho iodido is precipitated in tho film before 
going into the N. S. bath. The consequence is seen both in the 
■''appearance of the film before going into tho camera, and in the 
developed picture. Tho film before exposure appears by trans- 
mitted light semi-opaque, bluish in colour, and by reflection dim 
yellow, like bad iodized paper, because tho salt, as in paper, is not in 
solution when tho nitrato attacks it, but when tho iodido is properly 
formed in a . film containing sufficient water, it romnins. moro or dess 
in a state .of semi-solution, as in jolly, and the colour is bright 
yellow, perfectly transparent by transmitted light, and of a blue 
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cast by reflection. The same want, of transparency is observed 
with the same colours, in whatever way the iodide of potassium be- 
comes excessive. In the picture the result is a sensitiveness scarcely 
superior to that of albumen on glass, and very feeble reduction. _ Alco- 
hol of S. G\ 846 is very good for mixing with ether in making the 
plain collodion, mid '810 in the iodizing solution. The water 
being in tlio cthorenl mixture counteracts its tendency to precipitate 
the salt from the iodizer. The strength of pure alcohol is obtained 
by its specific gravity j as it occurs in commerce it is generally from 
S. Or. 820 to 860. Wlmt is called “proof spirit” is alcohol of 
S. G-. 920. By spirit CO degrees over proof, a strength which is 
very commonly sold, is understood a spirit 100 measures of which, 
added to 60 measures of water, will form proof spirit. Its S, Cl. is 
830. Spirit of 60 degrees over proof needs only 60 measures of 
water to 10G of spirit to bring it down to proof, and so on. In the 
Brcnclv formulae, spirit of so many degrees is often spoken of. This 
rofei’l to BamntVs hydrometer, for comparisons of which with the 
S.. (L nn<l with proof spirit, soe “Tables of Weights and Mea- 
sures.” . 

With respect to the purity of alcohol, it is necessary to be very 
careful in collodion for the positive process, AH alcohol is apt to 
contain organic matter, fusil oil, grain oil, &c., which, though in 
small quantities, will exercise a move decided. photographic e fleet, 
prejudicial or otherwise, than n large quantity of the alcohol itself. 
In negative... processes these impurities may bo beneficial, but not 
where pure metallic silver is to be produced, In aU cases alcohol 
from the grape seems preferable to . that from grain or roots. Tim 
last, when not purified, often leaves on distillation, a red. residue in 
the retort, very offensive to the smell, The purity of alcohol is ti 
much mow important matter than its strength. 

Ali>eiiyi>e, (Al. short for alcohol, dehyde for dchydrogonatus.) 
Alcohol, from which 2 atoms of hydrogen arc removed. It is found 
sometimes in acetic aoid, arid it probably exists in niiiiutf&qimulilies 
in ether mul alcohol, which from age and decomposition in the N. S. 
hath have been partially oxidized. It is a very powerfully deoxU 
timing agent, and has been used to improve Iho tone of collodion 
positive pictures, by removing organic matter from the picture, and 
reducing it more completely to the metallic state. 

Alkaline Collodion. N. S. bath, toning bath, &o. Sue 
“Collodion,” &o. 

Alkalis. Certain oxides of metals and compound radicals which 
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are of an acrid taste, which change vegetable hlucs to greens, and 
whose properties arc mashed or neutralized by their union with 
acids. Their actinic effects arc opposed also to those of the acids. 
As acids, when free in the sensitive surfaces, have a retarding power 
over the formation of the photogenic imago, so alkalis, by neutralizing 
the acid, apponr to possess n quickening influence; but when an excess 
of alkali i3 present, it precipitates oxide of silver by its proper force, 
without the access of light. Acids preserve thclightsof photographs 
clean, under the action of the developer, by preventing spontaneous 
reduction of the gallo-nitmtc, &o,, and often by obliterating the faint 
impression of light up to a certain point ; alkalis produce universal 
blackening of the silver surface. In the hyposulphite bath, acids 
liberate sulphur, and produce changes which blacken the prints 
immersed in it, and then make them turn yellow and fade; alkalis 
favour the stability of the bath and of the prints, but redden without 
weakening it. On the contrary, acids check the toning power of 
eel d’or and increase its stability, while alkalis decompose and render 
it violent. .. 

Potassa and soda arc often called alkalis proper and fixed alkalis, 
because they are bodies whioh possess alkaline properties in the 
highest degree, and because they arc not apt to fly oil' like ammonia, 
which has received the name of volatile alkali. Lid metallic 
protoxides in general have the alkaline quality oi neutralizing acids, 
and when soluble, of affecting vegetable colours. A N. S. bath may 
have its free acid neutralized as well by oxide of silver ns by potassa. 

Alkaline salts, carbonates, chlorides, &c,, arc tho carbonates, &c., 
of the alkali. In some of these, ns in nitrate of soda, the alkali is 
completely neutralized by the acid, but in tho carbonates and others 
there still remains some alkaline reaction. The most generally 
useful alkaline substance for tho photographer is carbonate of soda, 
and will be found to answer in almost nil cuscb where acids are to 
be got rid of. 

AllotjSOi’IC, (rtXXoc another, rporroc form). _ When the same 
substance exists in two or more fovms having different properties, 
but still chemically the same, ns albumen in the liquid and coagulated 
state, the unusual form is said to bo nllolropic. Light produces 
nllotropic forms in some bodies, and certain temperatures do the 
same with others. Those who suppose tho action of light to consist 
in a molecular disturbance of the sensitive surlhoo, hnnglno it by 
actinism to produce those iillotvopio conditions of bodies. 

Alternation or .Luminous Action; It is asserted by somo 
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tluit there is. a periodical recurrence of two opposite effects in the 
action of light \ that the -first impression is negative as, to light and 
shade, then positive and afterwards negative again, and so on at 
regular intervals, Light undoubtedly, under certain conditions, 
appears to exercise both a negative and positive effect ns to reduction, 
but in some instances we know the conditions for tho two effects are 
different, and may be varied to produce either result at will ; and this 
is probably the case always, though the difference is so subtle as to 
escape our observation. That the effects recur, or are repeated 
regularly, is not established by any experiments. See “ He verso 
Action of Light,” 

lAjiUH, Ko, So 3 ; AL 2 , 0 8 , 3 So 3 ; 2'i Ho. A double sulplinto 
of potossa and alumina, having an acid reaction. It 1ms been 
recommended for the removal of hyposulphite of soda from paper 
piotuves, without abstracting the size. If the acidity of alum has no 
injurious effect on the print, which is doubtful, it may be used with 
advantage. It is often used with resin in sizing papers, and that 
will account for the superior cleanness of some papers under 
development. 


Amber. A fossil resin found on some sea coasts, and also in 
scams of coal ; it is used in making amber varnish. See “Varnish." 

Ambuotype, Collodion positives are sometimes called “ Ambro- 
types,” in America. 

Air F/niYST. This and other precious stones, as tho opal, are found, 

’ under prolonged exposure to light, to lose their sparkle. 

Ammonia. NH 4 0, orNILp This gas is always used by tho 
photographer in aqueous solution, called “liquid ammonia." It 
dissolves chloride of silver, but not iodide; heneo it is used to 
separate one from the other, and also to fix prints fp chloride 
papers. It is applied after bichloride of mercury, to intensify weak 
pictures, and it is used in the preparation of ammoninonl oxide and 
ammonia -nit rale of silver, and lias been added to collodion to render 
it more sensitive ; but it decomposes the pyroxyline, rendering it 
rotten, and the collodion thin, ami also gradually impairs the condi- 
tion of tho N. S. bath. It is useful in preparing positive prints 
for toning with sol d’ov, and, ns a strong detergent, is often made into 
a paste with tripoli, lb}- cleaning glass plates. As far as possible its 
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presence in any sensitive surface is to be avoided, except wlioro nitric 
icid may be present also in exeoss. 

Gaseous ammonia is evolved when two parts of dry quicklime are 
mixed with one part of chloride ol ammonium in a rctoj't, and a 
gentle heat applied. Water takes up 0 or 700 hundred^ times its 
volume of this gas, and the saturated solution is of the S. G. 875. 
The druggists’ liquor ammonias of the London Pharmacopoeia is 
S. G\ 960. The liquor am. fortior is S' G. 882, and is reduced to 
the other, by adding 2 ounces water to each fl. ounce. Of these three 
solutions the first contains 83} per cent, by weight of ammonia, the 
second only 10, the third nearly 30. The solution absorbs carbonic 
acid from tho air, with the formation of carbonate of ammonia. 

Ammonia, Acetate of, Aukatk of Aureole, &o. See " Ace- 
tate,” &e. 

Ammoniaoal Oxide of Silver, sometimes called Ammoniuhot 
of Silver. It is a solution of oxide of silver in liquid ammonia, 
(see “ Ammonia,”) and is used in printing. See “ Printing.” 

Ammonio-oiiuomate of Copper. Chromate of copper dis- 
solved in liquid ammonia. Tho solution is green, and papers pre- 
pared with it are blenched by light. When the shadows, under a 
negative, are sufficiently whitened, either copper or silver compounds 
may be reduced upon them by developing with carbonate ol soda or 
nitrate of silver. 

Ammonio-oithate of Iron. This neutral double salt of citrate 
of peroxide of iron, and citrate of ammonia, dissolved in water, and 
mixed with solution of ferro-oyanide of potassium, gives a purple 
solution nearly black. Papers prepared with this are blenched in 
the light, but darken again in the dark. Salts of cyanogen, and 
salts of iron, arc both subject to actinolyite action; but the iron is 
here the one attacked. This paper may bo used to take evanescent 
pictures of many objects successively. The nminonio-eitruto of iron 
itself, is a beautiful pharmaceutical preparation. It is a salt of tho 
peroxide of iron, which is partially reduced by the chemical rays to 
protoxide. Papers prepared with n solution of it, change by insola- 
tion from ft bright yellow to an oohrey grey, and may be developed 
before tho picture becomes visible by lbrridey ankle of potass nun, 
(red prussiato of potash), which proves the reduction to tho state of 
protoxide, by the formation of prussian blue. It is known to nil 
photographers that tho protosnlts of iron, ns tho protomtrnte, the 
protacetato, the protooitmte, &o. are developers, and their formation 
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by light is a curious instance in which the usual order of operations 
in. taking a picture is reversed, hirst, the paper is prepared with an 
iron persalt, which, "by solar action, becomes a developer in certain 
parts oply of the paper, and the picture is then produced by the 
action of tliis local developer on any salts applied uniformly to the 
paper which it is capable of deoxidizing. Bichromate of potass, 
nitrate of silver, and many others may be thus applied, and appear 
to develops the print themselves, but in truth only supply material 
to the invisible developer, which pre-existed on the surface. 

Ammonio-nitrate op Silver, Chemists givo this name to a 
white substance composed of 100 parts of nitrate of silver, and 20$ 
of ammonia ; but in photography it is either a solution containing 
oxide of silver, nitrate of ammonia, and ammonia, or oxido of silver 
and nitrate of ammonia alone. It is used in “ printing,” q. v. 

Ammonio-tartratb of Iron. A compound behaving like the 
aminonio-citrate. 

Ammonium 5 N H, t . A hypothetical substance not yet isolated. 

Ammonium, Chloride op, Piiospuuret of, &o. Sen 
“Chloride,” &o. 

Amphitype. (Greek, ttfifl, on. both sides). A process dis- 
covered some years ago by Sir John Herscholl, in which light pro- 
duces either a positive or negative. A sheet of paper is first prepared 
with a‘ solution; either of forvo-tnrtrato, or fcrro-citrnto of protoxide, 
or peroxide of mercury, and then with a solution of ammonio-tnrtratn, 
or ammonio-citrate of iron, the latter solution being in excess. On 
exposure to light in the camera, a negative is produced of more or 
less vigour, and of a very rich brown tint when the paper contains 
a salt of lead. It gradually fades in the dark, but may bo restored 
as a black positive, by immersing it in a solution of nitrate of mercury, 
and ironing it with a very hot iron. 

Angola 11 Aperture. The angular aperture of a lens is tho 
angle which its diameter subtends at its principal focus. 

Anhydrous. Many substances in chemistry have such a strong 
affinity for one or more atoms of water, that they seem incapable of 
existing without these atoms, or a base of some kind as a substitute. 
When the water is replaced by a base, oi is otherwise entirely 
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removed, the substance is anhydrous, (a not, and {SSwp water). 
Glacial acetic acid contains one atom of water, which, when it com- 
bines with oxides or other bases, it liberates. 

Animal Ciiaiiooal. The product obtained by the carboniza- 
tion of muscle, horn, blood, bones, and other animal matters. . It is 
distinguished from vegetable charcoal by its lustre and sponginess. 

It is used in photography to remove colour and organic impurities 
from solutions of nitrate of silver, &c. In commerce it contains 
phosphates and other salts derived from the animal organism, which,, 
when it is added to N. S. solutions, produce a yellow precipitate ol 
phosphate of silver, and this often to such a degree as greatly to 
weaken the solution. Nitrate baths have been so weakened by it as 
to cause the iodide of silver entirely to peel oil . the plate on attempt- 
ing to excite it. When purified it often contains hydrochloric acid, 
which precipitates white chlorido of silver., it is called in trade 
ivory black, bone black, &c., and its impurities ore always such, that 
it is better to employ kaolin. 

Animal Oil or Dippbl. Has been employed as . a solvent of 
bitumen in M. Niepce’s processes. See “ llituincn.’ It is rectified on 
of hartshorn, and is itself discoloured by solar light. 

Animal Substances. Tho animal matters used in photo- 
graphy are gelatine, albumen, gluten, isinglass, and a few. others j 
they are of service both in forming transparent films,, and in them- 
selves combining with silver compounds for tho production of images. 
They are substances with which English papers arc sized, and hence 
pictures on English papers are redder in tone than those on tho 
Evcrich and German papers sized with starch, See “ Organic 
Hatter.” 

Apehtube. See “Lens.” 

Aplanatic. (Greek, TrXnraw to cause to wander). Til opticH, a 
lens is said to be aplanatic when it has been corrected for sphorionl 
aberration. 

Appauent Diiiection, Distance and Magnitude. See 
“ Stereoscope.” 

Application op Chemical Substances to. Papeb . and 
Otiieh Subpaces. This part of photographio manipulation is one 
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of some importance. The production of uniform films by menus of 
vapours is very simple in execution, but it is doubtful in suck cases 
ns tlio daguerreotype, what is the exact composition of the sub- 
stances formed, Their continual change of colour is an evidence 
that they are not definite, not to speak of the amazing difference in 
fclieiv photographic properties. In the production of films of true 
chemical compounds, if pure salts are to bo examined, it is necessary 
they should he precipitated on glass or other surfaces absolutely 
inert, for if collodion or other matters be present, no argument can 
be built upon the assumption of their purity. The pure salts 
themselves must settle upon the glass and be carefully drained, or 
experiments may be tried upon them whi}o still in suspension. In 
other eases, sensitive surfaces are formed directly on paper or 
gelatinous beds by immersion and floating, by glass rod, by spatula, 
or by brush. When a cream of the substance is to be applied, the 
spatula must he used, but the plan is only useful in experiments, us 
the coating is too uneven for the production of flno results. When 
a little variation in the quantity or strength of the salts is of im 
moment, floating and immersion may be resorted to, but these plans 
quickly lessen the quantity of the solution, ancl when double de- 
composition occurs, they also soon reduce its strength, and the pre- 
pared films are not constant in their actinic properties. Thu glass 
rod and brush nvo the most exact methods of manipulation, and of 
those the rod is more correct, the brush more convenient. All 
photogrnpluc formula) should, if possible, bo so constructed that tin: 
solutions, paper, &c., should continue unvarying. 

Aqua, Rortis. Nitric acid. 

Aqua Regia. Nitre-hydrochloric acid, q. v, 

Aqueous Ammonia. Liquid ammonia. See "Ammonia,” 

Aqueous Chlorine. Solution of chlorine gas in water. 

Aqueous Nitric Acid. The strongest nitric acid contains nil 
atom of water; hut in combination, as in nitrate of silver, it is 
anhydrous. 

Areometer, An instrument much used on tlio continent for 
measuring tlio specific gravities of liquids, 

Argentq-cyanide op Potassium. A solution of oyanido of 



silver in cynnicle of potassium, used in electroplating awl in silver- 
ing copperplates for the daguerreotype. 

AimW SuMitmiOT of Oman*. A oomiimiml of nrtW 
mill sitlphuvet of eobdt, which is partly docomposial liy light. 

imm Adi). As 0,. Tl.is lino tail tri.alinst.su] of 
acetic in the developer, but it. prevents blackening for u time only. 


Am-ificial I^xght. The light produced by electricity and 
combustion is found to bo more or less netime. Iho p uitographer 
mav therefore a.vnil himself of this property o! various nrtihoml kinds 
of iigld, to work at night, or when diffused daylight is too tanblo lor 
his purpose. Of all kinds of arliiieial light, that produced by elec- 
tricity appears to be the most, aotinie. The most, convenient mode 
of employing electric light, is by means of a galvanic battery, having 
wires tipped with charcoal points brought into close proximity. 
The light produced in this way is extremely intense and highly 
actinic. A. burning jot of the mixed gases oxygen awl hydrogen, 
brought to bear upon a ball of lime, is perhaps the next m intensity. 
The oxy-calcium light, produced by passing a jet of oxygen into the 
flame of a spirit lamp, and causing it to act upon a hmo ball, is also 
very intense. Common gas burners and argand lamps, aided by a 
reflector, may also bo used by the photographer for certain purposes, 
and even the light of a tallow candle is sometimes dangerously aetime. 
Various chemical compositions have been employed lor producing, 
by their rapid combustion, an intense aotinie light, acting during u 
few seconds only. By mixing together 4 parts of chlorate, of potass, 
$ parts of sulphur, and 1 part ol sugar, all in lino powder, and 
igniting it, a very intense light is produced. _ , 

The effect of any artificial light is greatly increased by placing it 
in the focus of a parabolic reflector. 


Autifioial Paugiimbnt. If a sheet of blotting-paper is im- 
mersed for a second or two in a mixture of 2 parts sulphuric mud 
mull part water, nwl then rinsed in several changes of water, an 
extraordinary change is produced in it, apparently without altering 
its chemical composition. It becomes tough, strong, somi-traus- 
parent, and vory difficult to tear, even when wet ; resembling in 
appearance common parchment, and possessing mauy of its proper- 
ties. 'When dry it contracts and becomes brittle and easily cracked. 
If a piece of enl'ico or linen is submitted to the same treatment, it is 
similarly acted on and rendered waterproof, and SBmi-transparent 
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while wet. On drying, however, it contracts and cracks like the 
blotting-paper. 

Artificial parchment has been used with some success in making 
n pyroxylin© which is said to give a fluid and good collodion. No 
other use has yet been made of it in photography. 

' Asptialtum. This is an indurated bitumen, found in Judea, the 
"West Indies, South America, and other places. It varies in quality,, 
but may be purified by boiling it in water, when the pure asphalt 
melts and floats upon the surface, while the impurities subside. It 
is the basis of most black varnishes, being dissolved in naphtha, 
turpentine, &o., with oil, guttn perchn, india-rubber, &c., to give it 
toughness. See . " Varnish,” 

Astro-th oto quaphy . A convenient name for the application of 
photography to the delineation of solar spots, the moon’s disc, the 
planets and constellations. 

Atom. This word is applied by those who adopt the atomic 
theory, to the minute ultimate particles beyond which they suppose 
matter cannot bo divided. In ohomistry it is often synonymous 
with “ chemical equivalent,” q. v. 

Atomto Theory. The theory which supposes all' bodies to bo 
composed of indivisible particles, every substance being an aggregate) 
of atoms all of the same form and weight. 

Achate op Ammonia. This may he formed if ammonia is 
added to a strong solution of chloride of gold, with n view to neu- 
tralize the acid. ' It is fulminating gold, and must ho dealt with 
cautiously. 

Avoirdupois Weight. See “Tables of Weights and Mea- 
sures ” nt the end of the volume, 

Axis. A lino with respect to which a Ions or piece of apparatus 
has its parts, symmetrically situated. 

A 7.0 tapes. The French name for nitrates. 

Azote, Nitrogen. 

. Azotic AorD, Nitric Acid, 



Background. In taking portraits it is generally iieow>|y to 
place a background behind the sitter. This is > made by stretching a 
sheet of canvas, previously wetted, on a deni frame, and painting it 
of an appropriate colour in distemper. The canvas should bo m 
one piece, and not less than eight feet square. When nailed on to 
the edges of the frame in a wet state, it contracts on ( rymg. and 
becomes perfectly flat and tight The water in which « it « w He 
should be strongly sized: it will then bo ready f(>r panitn g on, ul m 
dry Oil colour is objectionable, from its imparting a glaze to the 
surface. The colour should be .perfectly dead and opaque, and ot a 
neutral tint, made by mixing black, white, and red, m tko l 11 ^" 
tion which is thought most desirable. As a general rule, the _ back- 
ground should be a shade darker than the middle tints of the picture, 
but in vignetted portraits it may be a shade lighter. A shaded 
background is a great improvement to a portrait when juiheiousli 
done, but it involves so much extra trouble, that few pi ofcssioiud 
portraitists have attempted it, as anile. Painted backgrounds m 
which peeps of distant scenery, bits of balustrade, columns, cm turns, 
Sio., are introduced, are decidedly in bad taste. A very light back- 
ground is also irt general an ofieneo against good taste, paiticiuai j 
when the figure is very dark, arid the outline hard mul sharp. 

Barium. A. motal : used only in combination with chlorine, &c. 


Barium, Chloride OF, Iodide of &c. See “ Chloride,” &o. 

Baryta. The protoxide of barium. This oxide is precipitated 
from its solutions by many organic matters, forming cither neutral 
or basic organic salts. These exist, in combination with snniliu 
salts of silver, in the presence of chloride and nitrate of silver, m 
many printing formula, and modify the actum ot the actinic ray, 
and the nature of tho reduced substance. Hence the colour ol the 
photograph is different, according as the salt first used was one ol 
barium or some other metal. Barium appears to have considerable 
colorific power, and therefore chloride of barium is ol ten recom- 
mended as superior to chloride ol sodium in tho suiting ol papoi. 


Baryta, Acetate of, Aluumtnate of, &o. See “ Acetate, 1 ' Sic. 

Barytes. Synonymous with baryta, but not equally correct. 

Base and Basic. Tit chemistry, that clement of a compound 
which most resembles hydrogen, and is most unlike oxygen in its 
chemical and electro-chemical relations, is called the base, ana in 
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substances composed of two simpler compounds, that compound 
which is like hydrogen is still the base., In electrolysis, the base 
travels to the cathode or negative metal, and is therefore called 
electro-positive ; while the acid or other body with which the base 
was combined, goes to the anode or positive pole, mid is called 
electro-negative. The base travels in the direction of the electric 
current, and the acid against' the current. The same relation 
appears to exist between these anions and cathions, in nctino or 
photo-chemistry 5 tor bases are eminently favourable to actinic 
action, while acids arc strongly opposed to it. Alkalis arc very 
strongly basic, and exert a remarkable powor as accelerators, while 
acids arc strongly retavdative. Of compounds in which the acid 
and hnsc completely neutralize each other, the action upon bodies 
undergoing actinolysis is neutral also ; hence nitrate of potnssn may 
exists in the nitrate of silver solutions in considerable quantity, and 
yet give no indication of its presence. When a compound not 
neutral, contains both acid and. base, it is said to be acid or basic 
according ns the acid or basic element is in excess, and retards or 
accelerates as a pure acid or alkali would do. These facts have not 
been attended to sufficiently, and hence the discordant opinions of 
different photographers respecting the useful or injurious properties 
of the same substance. It should be carefully noted that every 
compound, whose effects are to be tried, is strictly neutral, or allow- 
ances made for its want of neutrality. 

Basic Nitwm of Silver. Nitrite of silver is n neutral 
compound of nitrous acid and oxide of silver ; but when the oxide of 
silver is in greater quantity than is required to neutralize the acid , 
the salt becomes basic, is alkaline to test paper, and oots ns an alkali 
in N. B. solutions. Bused nitrate of silver often contains this nitrilo. 
It then is so strongly acted bn by developers, as to give a picture 
quickly with a weaker developer than would otherwise bo necessary \ 
for gnilic acid will develope collodion with its assistance, and with the# 
ordinary pyrogallic the picture is formed instantly, and with great 
force, Crystallized nitrite of silver is sometimes acid, and acts in nu 
opposite manner. Basic salts of lead are sometimes added to nitrate^ 
of silver solutions, with the view of forming this basic compound of 
silver. Its effect in giving intensity to the imago is not always 
observed, but is most apparent in those cases whore there is a com- 
plete absence of those orgnnio or other matters which usually have u 
like influence. 

Basic Oxides. Some compounds of oxygen with bodies., Jmvc 
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acid properties, and others are neutral, but the protoxides of the 
metals, and some others, are more or less basic. Water is a neutral 
oxide of hydrogen. 


Basic Persulphate op Ikon. . The red powder which is gra- 
dually deposited in solutions of the protosulphate used os a developer 
is a basic persulphate; that is, it contains sulphuric ncitl mid 
peroxide of iron in neutralizing proportions, together with peroxide 
in addition. Now, as the solution was originally without excess of 
sulphuric acid, it follows that as more of the base has precipitated 
in this red powder than of the acid, the solution after this decomposition 
must contain too much acid. This is the reason of its being weaker 
than at first, and if you neutralize the acid its energy will bn 
restored. 


Hath. This name is given to any photographical solution, in 
which plates or papers are immersed, or on which they are Honied m 
any process. It is also given to the vessels in which such solution* 
are contained. The principal baths are nitrate of silver, the fixing, 
the toning, and the washing baths, and are treated in their order. 
The vessels have been constructed of various forms, horizontal mol 
vortical, and of various subtnnces, glass, porcelain, guttu porolm, &«', 
The porcelain baths arc not made of material suitable for resisting 
the action of the chemicals, or they would be thebest, because they 
are opaque, and are easily procured of any size. Gutfca pert-lm U 
most generally in use, but it is apt to communicate and to mm" 
impurities. (Ilnss, if it could be east of the required forms mol 
sizes, is undoubtedly to be preferred to anything else, notwith- 
standing its brittleness. The cemented glass vessels come to piumt. 

Batii. Aceto-nitvnto bath, fixing bath, &o. See " Aceto-nitmto , M 

Beaufoy’s Acetic Acid. Commercial acetic acid, sold by 
druggists under that name. Tt should be of the same strength of 
the strongest acid of tho London Pharmacopoeia. 

Bellows Camera. See “ Cameras.” 

Benzine. Another name of “benzole,” q- v, 

Benzoate of Silver. Ag 0 C M II O a . When formed by 
double decomposition, this is a white curdy precipitate. It dis- 
solves in boiling water, and falls in crystalline scales as tho solution 
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cools, Like other organic salts of silver, it becomes brown under 
the action of light, and may ho used ns tlio basis of a printing- 
process. 

Benzoic Acid, Obtained from benzoin by^ sublimation or by 
neutralizing tire acid winch exists ready formed in the benzoin with 
alkalis ; it occurs as nciculnr crystals, or n white crystalline mass, 
Liebig found bitter-almond oil having the composition C i4i 11 fl 0 2 to 
bo converted l>y oxidi/.ement in the air into benzoic acid and water, 
which was combined with the ncid. He therefore assumed the oil 
to be a bydvnrefc of a compound radical, which ho termed Benzoyl « 
or Bonzulo C'u H« O fl . This, taking another atom of oxygen, 
became benzoic acid, while the hydrogen, taking another atom, 
became water. This acid is decomposed by chlorine in the sun a 
rays. Of tlio 5 atoms of hydrogen which the ncid contains, three 
pan be successively replaced by chlorine, giving rise to three new 
noids, which so closely resemble each other that they can only bo 
distinguished by destructive analysis. 

Benzole. This must not be confounded with benzoyle or ben- 
Hide. It is a limpid, colourless liquid, S. Of. 80, and is obtained by- 
decomposing benzoic acid by slaked lime. Its composition in 0 13 
XL, and when acted on by the sun’s rays in the presence of chlovinw, 
it takes 0 atoms of chlorine, becoming a crystalline solid with tlio 
formula 0 3g H Cl . Its use in photography is ns a solvent of bitu- 
men in Niepce’s processes, and as a solvent of certain gums lor milk- 
ing a dear varnish. See "Vaimisli.” 

Betij.in 'VYa.iie. ’ This is a kind of pottery marked with a blue 
stamp, and of such n quality ns to resist the notion of nitrate oi 
silver, oven wlum fused in it Ordinary ware will not do for tins 
purpose, and the porcelain dishes used in photography arc altogether 
very .inferior, 

Bi, prefix. Sec "Nomenclature.” 

Bioakbonatb op Soda. . Na 0, 3 C 0 3 , HO,;, The salt called by 
this name in commerce is often a sequicnrbonnte, Both are used to 
form with citric acid, citrate of soda; and tliis, to, produce oitrnie 
of silver in printing, rj. v. The bicarbonate is so called, beouuao it 
„ contains 3 atoms of carbonic ncid. to due of soda. . 

Biciiloiude op MEitcmity, Ilg 01 3 . Commonly called 
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“corrosive sublimate,” and formed finis albs, of mercury are 
boiled with 30 ox. of sulphuric add to dryness; it is then nibbed 
to powder with 'l>lbs. of chloride of sodium, and the mixture exposed 
in a proper vessel to a red heat. Corrosive sublimate rises and sul- 
phate of soda remains. A solution of this in water or ether is 
decomposed by light ; one atom of the chlorine becomes hydrochloric 
acid, and chloride of mercury or calomel is deposited, being inso- 
luble. The solution itself is also of use in photography. A process 
for whitening collodion positives (which see) has been contrived with 
its assistance ; and either alone or with other salts it will deepen the 
tone of a positive to a degree sufficient to allo\V of its use as a nega- 
tive, Similar reactions accompany its employment on paper 
positives ; for the picture is first whitened, and then either reap- 
pears of itself, or is reproduced by ammonia or other solvents of 
chloride of silver. By this process collodion pictures are deepened 
but paper ones are weakened, and both these (meets have been taken 
advantage of. In the processes for photographing the solar spec- 
trum, a suboliloride of silver is always had recourse to j one 
means of produoing which is the immersion of a silver plate in the 
aqueous solution of this salt. Its whitening power on reduced silver 
may be usefully applied to decolorizing stains on the hands or linen 
and to removing the' yellow colour of the whites in ovev-toned 
positive prints. 

Bichloride op Platinum. Pt. Cl„. This porohlorido of 
platinum is formed by dissolving tho metal in mtro-hydrochlovic 
acid, and evaporating to dryness. Tho dark brown residue forms a 
deep yellow solution in water, which, when quite neutral, and added 
to lime water, gives a copious white precipitate in the sun’s rays. 
It has been proposed to determine by tho weight of this the actinic 
power of the light at tho limo. Tho aqueous solution has been tried 
ns an etching liquid in engraving photographs on steel plates ; and 
as a toning agent for paper positives instead of chloride of gold. 

Bichromate op Potass a. KO, 2 Or O fl . This salt is largely 
manufactured for calico-printers, Its solution should not be brought 
into contact with the skin, ns it sometimes causes sores difficult to 
hwd. Ono ounce in ten of cold water forms a saturated solution* 
it is muoh more soluble in hot water, It easily gives up ono atom 
■ of oxygen to deoxidizing bodies, - becoming neutral ohromnto nnd 
binoxido of chromium. Tho binoxido has a tendency to bo reduced 
still further to scanuioxido, When tho chromic acid is set free from 
the potassa by sulphuric acid, it becomes a strong oxidizer, by tho 



34 


BIC 


BIN 


facility with which it parts with oxygen; and sucli ft mixture of 
bichromate and sulphuric acid will determine whether n print has 
been toned with gold or sulphur, by tiro greater resistance which 
gold offers to its oxidizing influence. Light will also act upon Urn 
bichromate in the presence of organic matter, and precipitate nisolii- 
ble oxide of chromium in combination with that matter, this 
property has been taken advantage of as the bosis.of several photo- 
graphic processes, and the chemioal action is strictly analogous to 
that of the use of nitrate of siLver alono on paper. A visible imago 
is impressed on the paper, on which reduced silver and other metals 
(iron, &o.) may be Afterwards precipitated by . suitable developing 
solutions. Wien proto sulphate of iron and gallic acid are employed, 
the picture, or its chemical composition, resembles writing ink. 1 ho 
iron and other metallic solutions are sometimes presented, with the 
bichromate in the paper, to the action of light, and the variety of 
modifications appears to be infinite. The insoluble compounds of 
chromium, formed by light, mid the action of the light itself, have 
both been used in the art of dyeing, the chromium iorming a 
mordant on tlio textile fabric, in parts exposed to light through a 
perforated pattern, on which mordant the colours arc subsequently 
applied ; or the colours may be put oil with the bichromate,, and 
subsequently washed out from the parts not acted on by the light, 
just as in a similar photographic process oil paper. Papers prepared 
with bichromate of potassn and nitrate of silver have also bmi 
found to give images varying in colour from red to green, and blue. 
We believe, before the publication of the tnlbotype and daguerreotype 
processes, if not before that of Niepce’s, fixed pictures wore taken by 
, Mr. Mongo Ponton, by means of this salt, and the process published. 
See “ Printing.” 

Bicjonoave. £<?<? " Lem.” 

Biconvex. See “ Lens.” 

Bin, prefix. See “ Nomenclature.” 

Binocular Vision. Vision, when both oyes are employed. 
The term is used in contradistinction to monocular vision, in 
which only one eye is employed. 

The effects produced by binocular vision arc very remarkable. Tlio 
subject will bo found discussed at some length in the miiclo 
“Vision,” q. v. 


Binooular Perspective Portraits, This term 1ms been 
applied to photographic portraits produced in ft camera which is 
mnde to revolve in a horizontal plane through an angle, its axis 
being always directed' to the same part of the sitter, It was sup- 
posed that in this way a single portrait could be obtained, which 
would exhibit the same effects of solidity ns duplicate pictures viewed 
in the stereoscope, Tina notion is, however, erroneous, ns will be 
found explained in the article on the “Theory of the Stereoscope,” 

Bin oxide of Nitrogen. N 0 3 . This gaseous compound has 
been recommended on account of its reducing properties, as a useful 
addition to the ordinary developers, with a view to increase their 
energy. This is a mistake ; when passed into gallic or pyrognllie 
acid it is decomposed, and when it is nbsorbed by sulphate of iron, 
it acts more as an acid in moderating its energy and whitening the 
deposit, than ns an accelerator. Old solutions of sulphate of iron 
which contain it, or are said to contain it, are not so energetic ns 
freshly mnde ones. Though they give better colour and middle 
tints, they require longer exposure, and nitric acid is more convenient 
than the binoxide, and will produce similar effect. 

Bistre Tints. Sea « Toning.” 

! 

Bisulphate of Potass. K 0, 2 S 0 8 . This salt is formed in 
the process for making pyroxyline with sulphuric acid and nitre, 
and adheres with such force to tho fibres as to require extra good 
washing. As it has an acid reaction, its presence in collodion would 
bo injurious, One part of it mixed with 4 parts of sulphate of 
iron has been used ns a /levolopor. Its acidity is hero tho useful 
quality, and citric acid would bo still more usolul and convenient. 

Bitumen. Mineral pitch or tar, supposed to be formed in the 
earth from the decomposition of vegetable substances. Tho semi- 
fluid sorts nvo distinguished ns naphtha, rock-oil, petroleum, or 
Bnrbadoes tarj the solid bitumen is distinguished ns nsphnltum, 
Jows’ pitch, &c, See “Asphalt, Photo-engraving, 'Photo-litho- 
graphy. 

Blaoic Glass, Sea “ Glass.” 

Black Japan. See “ Japan.” „ , 

Black Sensitive Paper. Papers have boon prepared, with certain 

N '' D 0 
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black chemical compounds, and also with mere mixtures of a black 
or very dark colour, and sensitive to actinic impressions. In some 
the lights are bleached into existence by the light itself; in others 
they are developed by some solvent or clicmical process afterwards. 
They may be used for the production of either positives or negatives. 

Black Tone op Prints. See “ Toning.” 

Blaok Varnish. See "Varnish.” 

Blacking for tiie Inside of Cameras, &c. Of all things 
which have been tried for covering the inside of lens tubes, cameras, 
and other pieces of apparatus, nothing has been found so suitable ns 
black cotton velvet. Tubes are sometimes blackened by a solution 
of bichloride of platinum in water, winch precipitates platinum ns a 
smooth black layer over the metal on which it is brushed. Some- 
times bone black or ivory black is ground up with water, and a 
little gld'e to a proper consistence, and applied as water colour to 
the surface. But both the colour and texture of black velvet are 
infinitely superior for this purpose to either platinum or charcoal ; 
the pile of the velvet acting ns so many little wells, into which the 
light enters and is lost. Nothing takes a longer exposure than this, 
if it be desired to photograph it. 

Bi.EAOiiiNd. Bight has a very powerful effect in bleaching 
linens, woollen, and other fabrics from which the colour is capable 
of - beifffe'di^bb'ftYged* Though its effects in this way have not received 
tlio attention "Vhibh. they demand. The action of light bus often 
been described its a deoxidizing action, but this is a very loose and 
incorrect atntoinont of fnots. There is no doubt that its effects on 
some bodies are. thus correctly described, but it is equally certain 
that it exerts on other bodies the powers of an oxidizer ; the oxygen 
which it remtftea frbiWbnG class of substances it causes to combine 
with another olngS,' , 'It's effects, for instance, on organic compounds, 
are many of Them deoxidizing, but arc of an opposite char actor on 
most organic! platters. Nascent oxygen is found in chemical opera- 
tions to have a powerful blenching influence, and it is probable tlmt 
iu those cases whero light is applied as a blenching agent, its 
specific action is to ov.onify the oxygen of the air in contaot with the 
coloured material, and thereby cause it to undo with and destroy 
the dye. Chlorine and some of its compounds are strong bleachers, 
but it is found tlmt they are nearly or quite inert if no moisture is 
present ; the chlorine decomposes the water, uniting with its hydro- 
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gen to form hydrochloric acid, and liberating oxygen, which is the 
real blenching element. Now, tho decomposition of -water by chlo- 
rine in the aim’s light lies at the foundation of photography, and 
hence the superior efficacy of chlorine mul light together over chlo- 
rine alone. In many eases the chlorine itself is combined with 
organic matter by the sun’s power, just ns oxygen is ; and it should 
be remembered that chlorine, bromine, iodine, and oxygen are, as to 
their electro-chemical and actino-cheniical properties, bodies of tlm 
same class. If light is a deoxidizer, it is also a deodizer and dn- 
chlovidizer, and if under certain conditions light becomes an oxidizer, 
it may also in analogous cases become an iodizer. Thus, in photo- 
graphy we not only reduce iodide of silver, but wo also, by changing 
the conditions, form it. Amongst “ Miscellaneous Processes ” will 
bo found some whore reduced and blackened silver salts are again 
compounded with chlorine, &c., and blenched. That effect, which 
has been called the reverse action of light, where tho usual positive 
and negative effects are reversed, is probably an analogous chemical 
change. The substances used in the arts in bleaching photographic 
and other papers, and otherwise preparing them for tho market, are 
often injurious } this laCt should bo attended to, and at tho samo 
time photographers will do n kindness to hleachors, dyers, and 
others, if th'ey can make their art practically influential in tho arts in 
general. 

Blistering. Blistering of the film is a defect which sometimes 
occurs in albumen processes on glass. It happens on spots where tho 
albumen does not adhere tightly to the glass. The albumen film, like 
every other film which is capable of imbibing moisture, expands on 
being wetted. Now should any part of tho film be non-adherent to 
the glass while the surrounding part adheres tightly, the non-adher- 
ing part will expand on being wetted, and raise itself into a blister. 
The proper remedy for this defect appears to be, first, to clean tho 
glass with ammonia or -soda instead of alcohol or nitric acid; and 
secondly, to add a little ammonia to* tho albumen. Tho reason of 
this Avill be evident from tho following considerations. Albumon is 
a sticky substance, and will adhere to glass like any other sticky 
substance, provided its surface next the glass be not coagulated. 
Should, therefore, any trace of nitric acid or alcohol remain on the 
glass, it would bo likclv to coagulate the albumen, and render the 
film non-adherent in those parts, while tho presence of an alkali, 
either in tho glass or the albumen would lend to prevent coagula- 
tion, and the albumen would ndhero to tho glass when dry, in the 
same way os any other sticky varnish. In all tho albumen processes 
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on glass, the nitmto bath is strongly acid, and therefore an alkali 
may be added to the albumen with perfect safety. 

The cases of blistering which occur in the albumcnized collodion 
process on glass may be traced to the same cause. The film of 
collodion is not sufficiently ndlieront to the glass in those parts where 
blistering occurs, to prevent the swelling of the albumen from 
forming a blister. In this'procoss the collodion film should bo ns 
porous and adhesive as is consistent with the fulfilment of other 
conditions ; the nitrate bath in which the collodion is excited should 
be either neutral or slightly alkaline, and the excess of nitrate of 
silver should lie thoroughly washed out of the collodion film. 

Blotting T&ttm, See “ Filtering Paper ” 

Blue Glass. The question whether blue or white glass is the beat 
foy : the portrait-room, has been frequently discussed. Blue glnss 
increases th'6 time of exposure more or less, according to the depth 
and ^lmdelpf colour, but not to such an extent as to constitute a 
praoUealfiltjeotion to its use. ^ On the other hand, it acts beneficially 
in Ip’odifyiiig tho glare of light which is sometimes injudiciously 
admitted into the glass room, and in this way relieves the eye of the 
sittbr : from a painful annoyance, which causes an unpleasent ex- 
pression, Blue glass stained with cobalt is said to be very perma- 
.nentfiin colour, White glass containing manganese is acted on by 
light, and becomes of a reddish tint, which is very objectionable. 
"When the glass room has a good aspect, and collodion positives only 
are required to bo taken in it, glnss slightly tinted with blue may bo 
very advantageously employed. 

Blue Mbnlsous. It has been proposed to use a blue meniscus 
instead of an achromatic lens for taking views, partly on the ground of 
economy, and partly because it was believed that a bettor picture 
might be produced. But these supposed advantages of a blue lens 
have not yet been demonstrated practically; on the contrary, a bine 
lens appears to have the disadvantage of increasing the time of 
exposure, and of yielding an inferior picture to that produced by 
nu achromatic lens. Tins might have been expected; for an achro- 
matic lens n<?t only combines two of the coloured foci, but com- 
presses together, so to speak, all the other coloured fooi, somo of 
winch lire more or less notime ; while a blue lens merely stops 
certain coloured rays from passing through it, but leaves the foci 
oi those which do pass through very widely separated. It- scorns 
impossible to obtain u satisfactory picture with either a colourless or 
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blue meniscus, in consequence of their having no single actinic focus 
in which the principal actinic rays are collected. Besides this objec- 
tion, no single lens can have its spherical aberration diminished or 
corrected when its focal length and the radius of its anterior surface 
are given quantities ; ns happens in the caso of the landscape lens. 

Blub Bays. See “ Spectrum.” 

Body. This term is applied to substances, in allusion to the 
quantity of stuff or substance which they contain; in meaning it 
is opposed to thinness, weakness, transparency, and iliinsiness. 
Hence we have papers without body and with body ; body colour in 
opposition to transparent 'colours ; and photographs or pictures with 
no body, in opposition to those which havo plenty of reduced 
mntcrini and of vigour. Beside the starch or glue sifting, inorganic 
substances, as china, clay, Sic. are often added to papers to give to 
them body; for their effects in photography, m “Paper.” The 
amount of body in a collodion film is also a matter of importance. 

Bqraoio Aero. B 0 3 . This acid lias been used in the propor- 
tion of 10 grains to the ounce of sulphate of iron developer, instead 
of acetic or nitric, and that to produco negatives on collodion. It 
has also been employed so to modify the dark subohlorido of silver, 
which is impressible by the solar spectrum in such a way as to give 
the prismatic colours, that its power of rendering the green rays is much 
increased. This application was suggested by the quality it has of 
producing a very peculiar green colour in the ilnmo of alcohol. 

Borate of Lead. Pb 0 B 0 3 . Has boon tried ns a basis in 
paper on which nitrate of silver was applied, but without apparont 
effect on the reduction of the nitrate in the light. 

Bouate of Silver. Ag 0, B 0 8 . jormod in paper by applica- 
tions of borate of soda (borax) and nitrate of silver, and capable of 
being printed on. < 

Breadth. This term is used by artist’s to denote the proper 
balance and relative vnluo that should oxist between the lights and 
shades of « picture. It is used in contradistinction to the term 
“ spottiness ” of effect — a fault which may bo illustrated by referring 
to the appearance of the squares of a chess-board. 

Bhom ate of Potassa. K. 0, Br 0 3 . An impurity occurring in 
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durn’iShT l^f'' 1 * * * ^-' , 0btained Vffl-ohtag gelatinous 

and evaporating to dryness j and when 
sed m collodion resembles the corresponding ammonium compound. 

H . n B ^ n ID ® op Ammomtto, N H 4 Br. This 1ms been used in 
tn ihn 1 ' 1011 b *J m,ded collodion, in the proportion of 4 grains 

>os ssTi™ r th f a - C -° grain . N - S ' W has been stud to 
possess tiie property of giving an intense image, even in feeble light,' 

the iodide? eS T| tniB ’ green3 ,l md f Uowa with more covreotness than 

Site," Si bs ‘ liS0U8SCd ™ de1 ' " BromWo ot 

, A T H10 ;. As ’ Br,, Tina ia a ter-bromido, and la 
aSAh : nidi t iC aotlon of bromine 011 ^enio. It has been 
vdll : lbl.nb 1 T U fi f*u a l )re f rvcv aad as an accelerator, but it is 
^ , 1 c f be both. In the collodion film it will 

v e f 7™ ntlon of hydriodio acid and arsenious 
acid (cOinmom-.araemo), and the accelerating power, if any, will bo 

Set nt w‘r S n0i W ioh wU1 . development} for it 

SOxnetimos Jins even an alkaline reaction. 1 

or nn n rr. ,! .°f 0 " > ??’2- 0d - B( - °“»™ *» wicular crystals . 
SSS’l lsf ? rl V ed by mixing bromine and filing, of 
sub h ed q J ; t! , ntl,oll ' ni ' crystals contain water, but when 
auoumea, it condenses in the anhydrous nearly scales Tt is m-c. 

rltwUb 1 H ' C H tbo samoronsons'ns tlio 
cori espondtng iodides, viz., its stability, solubility, and parity. 

I, v ?“ lu “. 0F . OaioiUM. Cn. Br, Obtained by digotlng 

nmtn l f m ^ 80, ; ,ll0n of Pt'Clobromide of ivonf by Keating 
nnom brom, no vapour (not bromide of lime, „.), or by dissolv- 
lng onikonate of lime in hydrobromio noid. It is wliilo and deli- 

qucscont, and its aqueous solution yields silky hydrated crystals 
Collodion, prepared, nith' this bromide, is said to iLrovc withal 
I is not so good ns bromide of potassium for pZZ ,emS 
pn) MS for keeping, boijalise tile nit rate of lime formed Is 1 deliquescent 

cpa tl,e m m md ***** 


Bhomibe of. Oonn. Au. Br s . Aqueous bromine dissolves gold, 
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and forms a dark grey bromide. This lias been added to collodion 
containing no iodide, and treated in the usual way. The film thus 
prepared would contain auro -bromide of silver, and was found to 
be instantaneously impressed, but apt to fog' completely over the 
plate. 


Bromide of Iodine. Crystals of iodine absorb bromine, and 
form first a solid compound of one atom of each element, but after- 
wards become liquid, when the compound contains two atoms of bro- 
mine to one of iodine. This compound is soluble in water, and the 
solution is employed as mi accelerator in the daguerreotype process. 

Bromide of Iron. Be. Br. Used in collodion, but, to be use- 
ful^ must be used in its pure state, and soon after mixing, ns it 
rapidly decomposes the collodion. Nor must the sensitive plate 
be kept long before development, since, the nitrate of iron, which it 
then contains, would produce irregular action. If carefully em- 
ployed, the bromide of iron assists development sufficiently to make 
a very sensitive surface, 


Bromide op Lime. This, in consequence of its solidity and 
anhydrous condition, is the. most convenient accelerator in the 
daguerrfeotype process. It neither gives off aqueous vapour to be 
condensed on the plate, nor is so awkward to manipulate ns the 
liquid accelerators. In forming it, the bromine is placed in a 
capsule a little above good hydrate of lime in a closo flask. It is 
necessary to keep the whole ns cool ns possible, or more or less 
bromide of calcium will be formed, which would be useless. Tim 
bromide of lime is of a beautiful scarlet colour, the calcium salt 
white. If much heat occurs, the whole of the bromine may go to 
form tin’s white substance. The proper compound is an oxi-bromide, 
easily giving off the one atom of bromine and becoming oxide; the 
other gives up no bromine except to strong acids. ... 


Bromide of Magnesium. Mg. Br. 
water, and the source of bromine. 


A suit occurring in sea 


Bromide of Mercury. Hus been recommended for collodion, 
but the protobromido is insoluble. And the povbrom'ulc, containing 
two nloni3 of bromine, would liberate nitric acid in the N. S. bath 
and film, and therci'oro produce n very insensitive and' feeble film. 

.. ■ - 

Bromide op Njokel. Ni. Br. A deliquescent Xfdt of a whitish 
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colour. It becomes oxidized by the air when in solution, and turns 
red. It is not so good os the pure alkaline bromide lor photo- 
graphic purposes. 

Bromide op Potassium. K, Bi\ When pure, this is the most 
convenient bromide to select, when a sensitive surface containing 
bromide of silver is to be formed by double decomposition. Its 
usual impurities are carbonate of potassa and chloride of potassium, 
derived from the carbonate used in its manufacture. The first of 
these, from its alkaline nature, will be injurious if in great excess; 
but. it is easy to get rid of it by adding bromine to the aqueous 
solution of thobvomide, until a little colour is produced, and after- 
wards evaporating and fusing. Bromide of potassium has been of 
sorvice on some occasions, in partially fixing negative and posilivo 
proofs, which it does by forming, with the unreduced and insoluble 
silver salt, a soluble double isatt of silver and potassium. Other 
bromides, and many iodides, chlorides, and cyanides, act in the 
snme way, and even nitrate of silver. These double salts arc all 
partially decomposed by the smallest dilution of their concentrated 
solutions with reprecipitation of the insoluble silver salt, and their 
solvent power increases .wonderfully with their degree of concentra- 
tion, They must, consequently, he used in largo quantities, wlion 
water is to be afterwards freely used in their removal. Hypo- 
sulphite of soda comes under the same rule, and cannot be advan- 
tageously had recourse to except this law be remembered. Tho 
principal use of this and the otnor hrbmiclos («<?e "Bromide”), in 
photography, has been, in tho collodion and paper processes, to 
form, a mixture of bromide of silver with iodide in tho sensitive 
surfaces, and it has beeni occasionally- employed alone, without 
aw iodide, - the advantages sought for in this mixture, m 
‘'.Bromide' of Silver/’. in the next article. 

Bromide of Silver, Ag, Br. An insolublo salt of silver, of 
a yellowish colour, and thrown down whenever bromine in solution, 
or any soluble bromide, is added to nitrate of silver. It is soluble 
in concentrated solutions of nitrate of silver, and of various iodides, 
bromides, and|rti|Mt|pdils';snUs,.:nnd. : to a very, minute .extent in their 
dilute solutiofrsir, /J^ikd/otlior insoluble' silver saltsj it beoomea darker 
in colour in .light, 'when nitrate of silver, or other soluble 

salt of that mCtdlj is present'; and, like them, it is capable of recoiv- 

i in s a ■ ° f wim 

mixed with iodide of stiver, it has been supposed by some to givo 
^g|||serisitblifohsK Wp#se the density/ oEfclic = image, and to 
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produce a better rendering of objects winch give oh’ green rays. 
All these points have been disputed by others, and the opinions ns 
to the accelerating, intensifying, and colour-rendering power of this 
substance are very discordant. The dift'erenoe of sentiment in per- 
sons who have tried pictures with and without it, arises from want 
of proper enre in the conducting of the experiments, and especially 
from want of observation as to the purity and neutrality of tlm 
solutions employed, and os to the modifying effects of organic 
matter of different kinds. Nor is any mistake more common than 
to say one process is moro sensitive than another, merely because, 
with the same exposure to light, that one lias given a stronger or 
blacker colour in the shadows than the other. This difference, may 
exist, and yet the weaker picture may have been more completely 
impressed by the actinic influence ; for tho true test of sensitiveness 
is the complete reproduction of tho detail in the darkest shadows, 
and pot the vigour of the blacks themselves. When chloride, bromide, 
and iodide of silver are precipitated in a pure slate from nitrate of 
silver in excess, and exposed to light, tho chloride is the first to 
appear discoloured, next the bromide, and lastly the iodide, Intel when 
organic mnttor is present, the discoloration of all is move decided, 
anti the difference between them is still moro marked than before. 
There is much less difference .between the iodide and bromide, than 
between either and tho chloride. When they are acted on by tv 
developer in the presence of organic matter, it is still found that such 
matter lias more effect in tho coloration of chloride tlum of either 
of the others, and that there is still a difference between tho bromide 
and iodide. But as to their impressibility by light, for tho produc- 
tion of a non-nppnrent imago, tho order of these three, in similar 
neutral condition, is reversed, for the jodido is most quickly impressed ; 
though, in the process of development, tho organic matter has less 
power of colouring and giving vigour to tho imago which it 1ms 
received, than in tho case of the bromide, and a fortiori of tho 
chloride. In cases, therefore, wlioro organic matter is present, to 
affect tho result, tho addition of bromide, and still more of chloride 
of silver, in small quantity, will give groator strength to the imago j 
but, at the same timo, tho sensitiveness is also decreased in a slight 
degree. But where organic mnttor does not interfere to a poroopfciblo 
extent, ns in some collodion processes, no improvement will bb pro- 
duced in the sensitiveness of the film, and but little additional inten- 
sity given to the picture, by the use of bromides in the' preparation. 

The greater sensitiveness to green rays wljieli btoimdO fjf' silver 
was for a long timo thought to enjoy, nncV ib^vlifok it was much 
Recommended in the photogrnphiug ii; 6f : foli&jgb0i^lbt ;: in ordinary 




practice found to exist. The coloured rays, to which iodide of 
silver ^is not sensitive, but which affect bromide, arc a very incon- 
si tier able portion of those which are reflected by green objects in 
daylight, and scarcely affect the result. But as they exist to a 
greater proportional degree in artificial light of various kinds, the 
n cl mixture of bromide of silver will, when they constitute the ilhimh 
noting medium, he found beneficial. 

In thus recommending the use of iodide of silver alone in general 
operations, wo speak only of average cases; for there may occur 
opportunities where the properties of bromide and chloride of silver 
may be advantageously had recourse to; and different kinds of 
organic matter introduced into the formula), will no doubt produce 
corresponding modifications in the results. It is not impossible that 
biomule of silver may also, by its lengthening- the time of exposure, 
sometimes usefully nfleet the image imprinted on the iodide with 
wtaoh.it is combined. 

thiis ■ Nn ; A sa,t « 

Bhomidp op Zinc. Zn. Br, JjjflJ. formed by passing bromine 
vapour over heated Kino fused at, a roc! heat, and is very deliquescent. 
Ii0m its slightly acid properties it soon acts upon collodion. 

:? ie u mo£ f wseM salts pf this class have been 
PiP ■IliW® 011011 of the most suitable for the purpose 
bo paid, especially,. 1st, to their irccdom 
fiom caibonaLes mid oxides; 2nd, to their stability in crystals mid 
n then- proper splutiouB ; fcrd, to the nature of the nitrate which 
they produce in tha -N; S-. bath ; 4th, to 1 their degree of solubility 

bVn des nfVi C ° ll l 1 1 vll T tll °y n y° employed in collodion. The 
biomides o|||ho metals oadmnun, mo, &o., are generally the purest 

r l05C 0f 11,0 nlkaUnu «“ 

moie apt to contain alkaline matters. Bromide of potassium is not 

o 9 t ISr ^ md in collodion is apt 

mrenVoi -SEr I m produce Irani 

p,Ctu,C ' an( ! t0 I )1,0<luco * l V hs little 
solubility, a film of a misty appearance insensitive to light. The 

bath' ^are°lrfbnH kftllS * th P eir bl ' omi(les ^to the exciting 

bath aie peifectly neutral, but those of the metals are slightly acid 

though not. injuriously. The nitrate of Kino is dlqueSt, nlid 

elps, when famed m the collodion film, to keep it moist. Nitrate 

of ammonia isolten prejudicial, and therefore, bromide of ammonium, 
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ft very unstable compound in collodion, is generally to be avoided. 
Bromide of iron is also prejudicial, from the decomposition which 
the nitrate of iron sets up in the nitrate of silver, on the film and in 
the bath. The choice lies, for most purposes, between the salts of 
potassium and cadmium. 


■ Bromine. (Bpw/eoc ft stoneh). A deep reddish brown liquid 
of ft disagreeable odour. In its chemical relations it resembles 
oxygen, but is a less powerful body, and therefore many bromides 
will at common, and still more so at high temperatures, absorb 
oxygen. The displaced bromine then partly unites with the salt, 
to form bibromide mul oxibromido or ft red colour, and partly 
escapes. Its vapour is extremely poisonous ; a single drop of tho 
liquid on the beak of a bird, instantly kills it. Its aqueous solution 
is used to give off bromine vapour in the daguerrbotypo process, but 
is not so good for this purpose as the bromide of lime. Bromine 
has been added to collodion, but it lias no advantage over iodine, 
since the effect of both is the same, viz., to liberate nitric acid in 
the bath and film. 


Promo-iodide ox* 1 mixturo of bromide and iodide of 

lime. ' 


Bronze in Photographic Printing. In many processes, 
both of sun-printing and development, the darkest parts of tho im- 
pression assume after a time an olive green colour, lighter than tho 
dark brown which immediately preceded it. This him been called 
bronze, and its production bronzing. It occurs when the paper is 
rich in silver salts and organic matter, and especially when there is 
abundance of free nitrate and tho exposure is prolonged, With, 
very vigorous negatives to print from, this may be excessive, but 
there ore moans of preventing and also of remedying tho extreme 
notion. The paper must bo rendered less sensitive, or the bronzing 
can be removed by ohlovido of gold and other means, Sea 
*■ Printing.” 

Brown Collodion, Gallic Acid, Hyposulphite op Soda, 
Nitrate of Silver, &o. Sod “ Collodion,” &c. 

Brunswiok Black. For the composition of this black varnish, 
see “ Varnish.” 

Buckle’s Brush. Tho little article which passes by this name 
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photographs, by burning them into glass and ceramic ware. Very 
little has yet been done in this direction, ns the silver which forms 
the images of an ordinary photograph turns yellow in the furnace, 
and photographic processes with other metals which yield good 
colours after toning are at present in an imperfect state. It is 
possible, however, to apply the arts of photo-lithography, mid photo- 
galvanography, to the purpose of ornamenting ceramic ware, as 
these processes yield prints in common inks of various colours, which 
may be treated at the potteries in the ordinary way iu which ink 
patterns are burnt in. . 

It is impossible to attach too much importance to the buvning-iif 
processes of photography, since the permanence, of a pure photograph 
is more likely to be scoured in this than in any other way. 

Buiinisiiino Photographs. See “Agate ” and “ Mounting. 1 ’ 

Burnt-up. A familiar pliraso applied _ to photographs, when, 
having been very much over-exposed to light, they have a weak 
misty appearance, and a faint Teddish colour. Phis effect is also 
sometimes improperly caUed'isejlailzation. 

Cadmium. This metal in appearance much resembles tin, but in its 
chemical qualities it still more nearly resembles vane, in the ores of 
which it is found Zinc is tho only metal more electro-positive tlmil 
cadmium, and therefore the only one which will precipitate it from 
its solution in the motnllic state, It is a scarce metal. _ Air and 
moisture scarcely apt upon it except it is heated, and this quality 
makes it valuable "in photography, becauso its salts in collodion arc 
extremely stable, ‘and in tho crystalline stale they have little tendency 
to deliquescence: ft nd oxidizoment. 

Cadmium, Bromide of, Iodide of, &o. See “ Bromide of) 
Cadmium,” fee. 

Calcium. The metal of winch limo is the oxide 5 but little has! 
been ascertained of its properties by actual experiment. Its com- 
pounds with the halogens gro, generally deliquescent, mid prone to 
oxidizemeut. 

Calcium, Bromide of. See “ Bromides.” 

Calomel. Hg. Cl, Brotochloride of mercury. This salt is 
formed in the collodion positive process, when bichloride of mercury 



but 1 pS ™ °T thc 1M , ctuve * Aramoni «cal gas blackons it, 

ummontn l 1 ^ C . olom ' 3 " nd cnlomel remni » 8 unchanged ; liquid 
decomposes it, and black suboxide of mercury is one of tlio 

gfc ■ »°T ? hBim9tS3 wh0 take 100 inste!ld of *W> 88 too chern- 
ical equivalent of mercury, call this <&'-chloride of mercury or IIg 3 01. 


» Kays * / rhe heafc va .Y s of «ie Spectrum. See » Snce- 
J +1 Thes0 which reside principally at and beyond the red 
nil f fi ? pec . tnurij bem ' a atl ' on S analogy in some of their proper- 
t es to the luminous and actinic rays. They proceed in straight 

b r>r bo from mmoi% refracted through lenses of rock 

salt, collected mto fooi, and polarized by various substances, 
neat is an important agent in photograpliy, in assisting many of 
o oh micnl reactions which talce place , lint the pooulinf notion of 
the calorific rays, when combined with thc actinic in the focus of 

brm Sni I ?J eai ' S t0 ^ fc0 ° feeble t0 affect the result. It has boon 
WS?- t0 separate as' much as .possible the calorific from the 
1>1l0 f?^‘ n l > ! 31 ? te^order to reduce or prevent 
Slte ,us ac ^ ; V U0h , m ' gllt to the concentration of tlio 
^ emitted by bodies; but as glnssims tlio property of 

m t0 f axtmt> the ,ieat rays omitted by terrestrial 
UOt *r*» mn dil ' cofc )> Potion would 
SS' y i prn - 1 ? advantage. The effects of lieat on the 
SSl?Kr 0 l iT nl * U3cd 111 Photography have not yet boon 
expermicttt;, As a gonoral rule, photogra- 

IliliSulliliSf ^ W So th0 certainty and imii'or- 

• ! rijyrSfS&i f fS-S5MSS«Mte-v ; v-.- : J'-v.;-'!),- . ■ > t ! LK ! y'.:- ; l : !•. 


sion f tVw| 3, H H °T' 3S i k ‘ a ^og, beautiful, tuttac, an imprea- 
nt^ iiv^y th a l,e ? < ? w ’ moUuled l^ocdlses for producing 
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of the calotype process is as Mows :— 1st. To nro- 

i V be"nS Wnrttl'r EPf*!** ot .*»*» “»to«d «M»&V8 
XT? 5 m P ie &ontecl with u' mixture 6f iodide of silver, nitrate of 

oSo 1ST 'T’T pict.™ 

? lhe nbS sllYe,f W m ^N^r developer. 
olaM ' P roce8aM which oro' 

S nlo! • • .; n \? ,0 ^P°, consists in the mode of rendering 

• Y P n P ei sensitive, that is in the order in which tlio ingredients are 
introduced, lie mode of development being n „ ly t » i nli 
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A sheet of sensitive calotypo paper contains a large quantity 
(comparatively speaking) of iodide of silver, a small quantity of free 
nitrate of silver, a small quantity of organio matter, and a sufficient 
quantity of an organic acid to keep the lights of the picture clean 
during the development. 

It will bo seen that in ono of the methods about to be described 
the paper itself contains sufficient organic matter j but it will be 
observed that in this process the paper undergoes complete immer- 
sion in a strong bath of nitrate of silver. On the other hand, in one 
of the other methods it will be shown Hint when the organic mutter 
in the paper has no opportunity of coming into contact with a strong 
bath of nitrate of silver, it becomes necessary to add organio matter 
of an energetic kind to the exciting solution. Bearing these facts 
in mind, the principle of the various cnlotype processes will be 
clearly understood. 

The calotypo processes may be classed under two heads. The first 
class comprises two processes in which the paper is first coated 
with insensitive iodide of silypy, and then excited by a weak solution 
of acidified gallo -nitrate of silver} the second class, those processes 
in which the paper is first coilted with an alkaline iodide, and thdu 
excited by immorsfofi .in a strong bath of nitrate of silver, the excess 
of free nitrate befog subsequently removed by washing; * Among 
the latter processes, one will be selected for minute description, which 
appears to be, of nil the calotypo processes, the simplest in manipula- 
tion and most scientific in principle. In the processes of Class 1, 
the paper is iodized witli iodide of silver ; in those of Class II,, with 
a soluble alkaline iodide. Tho first kind of iodized paper may, fop 
convenience, bo called “ nrgonto-iodized ” paper, tho second ' kind 
simply “ iodized ’’ paper. 

. 

Calotypr Processus. Class I. 

*. 

There are two methods which come under tin's head. Tn tho 
first, argonlo-iodized paper is prepared by what is called tho “ double 
wash in the second, by the “ single wash.” In all other rospoots ! 
tho two methods are identical. 

To argenlo-iodizc the Taper by Uie Double Wash. — Float the face 
of the paper on a bath containing 20 grains of nitrate Of silver: to 
the ounce of distilled water. Bet it remain a minute or two on tlio i 
bath, then hung it up to dry. Next immerse it in a solution noil* 
tabling 25 grains of iodide of potassium to tho ounce of distilled 
water. Let it remain a minute or two in this, solution, the exact 
time depending on the kind of paper employed, and requiring to be 


ascertained by’ experiment, If too short a time is allowed, the 
whole of the nitrate of silver is not decomposed, and the paper 
darkens in tlie light ; if, on the contrary, too long a time is allowed, 
tlio iodide of potassium in the bath dissolves the iodide of silver in 
the i paper. . The time of sojourn in the iodide hath is therefore 
rather critical. On removing the paper from the bath, lot it drain, 
and then immerse it in a pan of water, in which it must lie allowed 
to soak, the water being changed several times, until the whole of 
the free iodide of potassium is removed. Tins soaking operation is 
rather troublesome, and the texture of the paper is decidedly injured 
by it. Should any excess of iodide of potassium remain in any 
part of the paper, it .would, decompose the weak exciting solution 
■and produce insensitive iodide of silver, and consecpiently a white 
pfttoliin the negative. When the paper lias been sufficiently washed, 
hang it up to dry. It is of a yellow primrose colour. When dry, 
it may.ibc kept for use in a portfolio. It is not sensitive to light. ' 

Wo -aPgeiito-iodiza the Pap&p by thc B'mgle Wash, — Lay the paper 

paper under it, and brush over 
^afejl^lution . oalletl (< doubfo-fodidpi*B^v',a sehition of iodide of 
;?|n^;uuodidopf potassium ; (see « Bdublotodido”) The best kind 
'0t brush ia a largo round one of camel’s lmir, bound with string or 
silver wire. Apply the ^solution copiously both longitudinally mul 
trflli svors oly, moll niti g the board, and keeping a flowing edge. Hang 
uphjw paper to dry in n room having a pure atmosphere, free from 
sutphurons and; «oid vnponrs, which blench the reddish lint that the 
papen ■, bUfl'ht.^Ib Masstun o. When very nearly or even quite dry, 
immerse therjjg|j6r -in a pan of water as before, in order to romove 
completely tho excess of iodide of potassium which it contains, 
two or more papers should not be soaked in the same pan, but 
oaoli paper should hnvo a separate pan. When snfiicicnlly washed— 
an operation which requires sovcrid hours— dry tho paper and put it 
away for use. 1 1 

Argent o-iodixed paper may bo kept for some weeks without losing 
its good qualities. Some persons'even affirm that it may bo kept 
mac Irately m a dry place. It is said, on good authority, to ho 
much improved by exposing it for an hour or two to strong sun- 

T n( \ V V- en tlis I s ( * ono > 9,, otd<l not bo excited immediately 
alter insolation, but kept for soine-dlays previously in the dark, sinco 
f Has been found that paper ubsorbs light in sufficient quantity to 
fcact on a sensitive surface placed in coutnot with it in tho dark. 

n compering, the f wo methods of iodizing the paper which have 
been desenbed, it .will be 'seen that the first is the most economical, 
but at tho same time the least certain. A considerable quantity of 
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iodide of potassium is wasted in the second mode of iodizing, and 
the washing operation is rather more tedious. 

The paper having been iodized by either of these methods, the 
remaining operations arc the same, and arc ns follow :• — 

To excite the Taper, — -Make two solutions, one a saturated solu- 
tion of gallic acid in cold distilled water, which call solution A 5 the 
other, by dissolving 50 grains of nil, rate of silver in 1 ounce of 
distilled water, and adding 1 drain of glacial acetic acid, which cull 
solution B. Immediately before use, mix, in a chemically clean 
measure, 1. ounce of distilled water, .16 drops of solution B, mid 
about as many drops of solution A, the number of the latter de- 
pending on the temperature and kind of paper employed. , 

Lay the paper on a board with a pieco of .blotting-paper beneath, 
and apply this mixture copiously to it with a clean Bueklo’B brush. 
•Hold up the paper to drain for a minute, then blot oil' the surface 
moisture with dean blotting paper, and put the sensitive paper into 
the dark slide. 

The Exposure, —'ihc average time of exposure, with ft good light, 
a lens of fifteen inches {qoub, and 11 half-inch stop, is seven minutes. 

To develop thei$ffibmP—hvy it on a board, and brash over it, 
with a clean Buckle's brush, a mixture composed of 8 parts of so- 
lution A, and 2 parts of solution B. The picture, the darker parts 
of which are at fy'flt faintly visible, soon .eomos out of a lievy rod 
tint. At this stage of the development it is necessary to oheek it, 
in order to obtain douse blacks instead of feeble reds in the darker 
parts of the negative. To accomplish this, brush over the picture, 
and complete the development with a solution of gallic acid alone. 

Under this treatment the reds soon darken and intensify, mid 
become eventually opaque blacks. The entire development should 
•oocupy about twenty minutes, It is an excellent plan, after having 
•brushed on the gallic acid, to lay the paper face downwards on a 
horizontal glass slab, on which n (pumlity of gallic acid solution has 
been previously spread. 

To fix the Ticlurc. — When tho details are fully out, ami Iho blacks 
of the proper intensity, wash the negative with water, and thou im- 
merse it in n eolation containing I pari, of hypo-sulphite of soda 
to 4 parts of water. Let if. remain until the' whole of tho yellow 
•iodide of silver is removed from the paper. Thou wash andsOakin 
water for several hours, changing the water :several times, in Ardor 
to remove the whole of the hypo from the paper. Lastly, Impg lt 
up to dry. . 

t The negative is now finished, and may bo waxed at any convenient 
time. See “ Waxing.” 

£ 2 
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1 here tire dne or two important points to be observed in tins 
process : — 

If tlm iodized paper is exoited with a weak solution of ncelo- 
nitrate of silver containing no admixture of gallic acid, it is quite as 
sensitive, or even wore sensitive than before, but the negative is 
(lev, out of. density, and the dark portions are grey, feeble, and me- 
tallic, like the dark parts of a collodion positive on glass when 
viewed by transmitted light. This sufficiently shows the importuned 
ot introducing organic matter with the exciting solution, lint the 
above effect does not take place equally with all kinds of paper. 
1 here is a coarse spongy kind of Whatman’s paper, sized perhaps in 
a peculiar way, in winch the gallic acid may bo advantageously 
omitted in the exciting solution. If, on the other hand, too much 
gallic acid is added to this solution, the paper is liable to become 
brown all over, particularly in hot weatliev. The process lias tliere- 
1019113, drawbacks and uncertainties, particularly at that season of 
v when photographic tourists are most in want of a good 
“-good test of the proper state of the sensitive paper, is 
strip into tlfe liglrlji .If it darkens instantly to a cold grey 
fi!%? n< 3 n i- 6 °.{, ^nSifled ¥ the further 'action of light, 

.gophegatives will probably be -grey and feeble; but if it darkens 

( !., n .., rC( t ' !V «- U ' W 110 1 ^ 0ts sfib <lnrkcr b y continuing the oxposuvo, 
pictura 8U Hci6nt or 8 anic matter present to give a good inlonso 

Processes. Class II. 

% operations consist in first impregnating 
' vl %;hn olknhne iodide; next; rendering it sensitive by 
,”(K CrS 1 n n a fhong bath of accto-nitrato of silver, and developing 
i ith gnllo-nitrato of silver rather weaker in silver than in the fore- 
going process. It is not found necossuvy in this process to inlro- 
(Hiec organic matter into the paper, as that which the paper itsolf 

it!?*! T « fom of , sizc - is general sufficient; but should 
t at not bo the case, the- 'effects and their remedy are obvious 

imnS' hi' res * )eot to vtlio introduction of orgnnic mallei-, it 
S? v ■ }» ? n ® tt rj sn,B| y quantity, in combinalion with 

oS VLlTi < 0 n° f 9 i! V(!r ’ i 8 ca i ,able of Producing a very marked 
0 lect, and Hint the effect of organic matter is not increased by ovor- 

iS'i t,W pnpCr . Wlfl, . ,t -. ' m «»i®* is very important, as it 
S ; 10 ";, " T01, s ,n P»*mciplc are those procossos in which a largo 
quantity of organm matter is introduced. 

in ^ ^;--J;«mcr 8 e a uumhordf sheets, one at a time, 

in a solution ot iodide of potassium containing 20 grains of tho 
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salt to the ounce of distilled water. Let them remain together in 
the bath for at least a couple of hours, then hang up to dry. Wien 
dry, the papers assume a reddish or even deep purple tint,' according 
to the quantity of starch which they contain. When dry, put them 
away in a portfolio until wanted. They may be kept for a few 
weeks in a dry place without deterioration. 

To o, voile ike Taper . — •Iimnorao it in a bath of ncccto-nitrato of 
silver, containing 85 grains of' nitrate of silver, and two scruples of 
glacial acetic acid to the ounce of water. First, float the face of the 
paper for a few seconds on the ball), then immerse it entirely. 
Leave it about three minutes, and then remove it into a dish of dis- 
tilled water. Itinse it well in this, then press it between blotting- 
paper and put it into the slide, with its face to the front shutter. 

It may be well, when the nitrate bath is first made, to saturate 
it with iodide of silver, and filter. 

The Exposure . — This is about the same as in the former process. 

To develop the Picture . — The paper will scavcoly exhibit any trace 
of am image. Immerse it in a solution of gallic acid, to which a few 
drops of aoeto-nitrato have been added. The picture should begin 
to . appear of a rod and not a gray .Jint, which should darken In the 
course of the development -'to an iiithnap black in tho darkest 1 harts. 
The dish should lie chemically clean, and , tho dovoloper should 
remain colourless throughout } the whites of tho pioture^yfir not 
then be discoloured, and tho development will proceed much more 
quickly. V • 

If the picture comc 3 out grey and metallic, exhibiting all the 
detail, and having but little intensity, it indicates a want of organic 
matter in tho sensitive film. To remedy this, add a little citrate of. 
soda to tho iodizing solution, and substitute a little chloride roi; 
sodium for the iodide of potassium. This will entirely alter tho 
character of the picture, increasing the density of the blacks, and also 
tho necessary lime of exposure. Sugar, honey, gelatine, mid sub- 
stances of this kind added in largo quantity to the iodizing solution 
produeo but lilllo cll'oct. Scrum of milk contains some organic 
salts, which arc decomposed and form orgnnio salts of silver, aiid 
this substance acts much more poworfully than those before men- 
tioned, which require to undergo decomposition before they not with 
effect. 

As a rule, it may be considered that organic sails which at once 
decompose nitrate of silver ami form an insoluble organic compound 
witli oxide of silver, net most powerfully in producing tho ell'eots 
due to orgnnio matter ; and that, next to these come such organic 
substances, (gallic acid, for instance,) 119, when added to nitrate of 
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Y* 1 , ^ ATiixtui'e AvhicK is immediately decomposed by light 
and an ihsoluble organic compound of silver produced. b ‘ 

J-ojko the Picture,— Proceed as described in the former process. 

” ow ^scribed the simplest form of the second class of 
has assumed TemniUS t0 mdicntG tlie vai ' imis modifications which it 

bpfawiOrr n3U ^ ■f 08 n!i'^ 0rt!1 v i: t,iese consists in waxing the paper 
bqfaie iodizing it. Tins modification has received the name of the 

Waxed «i>afeh Process. 

• nen, ' ly ineit aa * cmh its l ,ower of combining with 
doh^nnf\r°T/ 1S ,i nn ' T gn " l<? 001n P mm(1 of that metal, its presence 
^ 0 iaiW5 * ;cr tbe negative in any appreciable 

dfSiwil density j nor does it appear that any other good is 

flm i 'n' 01 - 1 tll( J introduction of wax in the first stage of the process 

llllp and “* il lii,bl ° to 1,0 to ™ in 

caiisHf^rS,? pi ^ fcie ^ in a11 commercial samples of wax 

Sfn 1 91 f 1 " nter > ao . tluit t5ier .° 13 some difficulty in getting a 

lit Sl Pnpe V 0ill ? bib f ^ sob,tio “ 8 - ovl! 

W , 6h !‘ e v f g ? lntho in fcll ° iodfcmg solution, 
OHW'fidwng a little nleohol to the galfic acid. In all other 

llS ,er Fooess is the same as that previously 

WfiSil-Miler SS!t e ® ° f i f Cl0S8 V’ nro T lcly modifications of the 
r !*? ?unp»*t an<1 *»* form, ns described 
vice-water ^? 1I,g varioU3 01 'g«'no substances, such ns 

iwos to ’ to f , a ' S ? cyanides, lino- 

sthneosnri ne*v\v ■ Most of theso °i*miio sub- 

siancos nro nearly* not absolutely inert, find the anils added are 

a ovo ry „iStT bl ° , U ?“ cot aXo Z 

,|°™ f2r are quite empirical, if not demonstrably inju- 

,'K them i y A b “ X 85 ’ but , ovon ™cliiovo..», to 

nn ri.« i • o* mngtli, A woid oil two, howover. mav bo said 
’ , au U]oet of substituting iodido of cadmium for 'iodide of 

*?Ke5SH$SB&t: 
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slight degree the reaction of free nitric acid. This renders the 
paper less sensitive, increases the difficulties of bringing out the 
details of the shadows, and diminishes the density of the blacks. 
On the whole, iodide of potassium is decidedly the best salt to 
employ. 

Before concluding an article which embraces a description of the 
most important modes at present known of obtaining negatives on 
paper, it may be well to discuss tho points in which these processes 
are interior to the analogous ones on glass. 

The principal fault of a paper negative consists in the fact, that 
a sheet of paper, waxed in the ordinary wav, is not evenly trans- 
parent when held against the light, but exhibits a granular appear- 
ance, and sometimes the marks of the wire frame used m its 
manufacture. 

Before a paper negative can bo expected to rival one on glass, 
this radical defect must be overcome. Now, it will be found that 
if a sheet of paper is dipped for a minute or two in linseed oil and 
dried, it will exhibit precisely tho same delects as n sheet of waxed 
paper ; but if loft in -tho oil for a week, so ns to imbibe it thoroughly, 
it will appear ns evenly . transparent ns could possibly bo desired. 
It is obvious, therefore, %ut the radical fault of a paper negative 
consists in tho paper not thoroughly imbibing tho wax, which would 
evidently bo a work, not of minutes but of hours, or oven, days. 
Fortunately, however, a sheet of paper may have its power of 
imbibing wax greatly inorensed by a very simple process^ If one 
half of a sheot of paper is immersed in a mixture containing equal 
parts of muriatic acid and water, and then rinsed thoroughly in 
several changes of water, and dried, it is found, in waxing tho wholo 
sheet, that tho half which has been treated in tho manner described, 
imbibes the wax much more readily than the other half, and presents 
a beautifully even appearance. It docs not appear that the treat- 
ment with acid lias any bud olleots in tho subsequent operations, 
but the matter lias not yet been sufficiently tested. _ 

A finished negutivo on plain paper may bo treated with muriatic 
acid with porfeot safety, since it does not attack the imago, unless 
very strong. In this case, about dno part of aoid to ton parts, of 
water will bo strong enough. This treatment may therefore 'pre- 
cede the waxing, anil tho negative will be improved by it. &■ 
Another frequent d,ofeot of, paper negatives is a want of half tone, 
too great intensity in theblaoks, and too little, detnii 
In suoh eases tile fault may generally be correotccj by blayiM 9'd 
organic matter, diminishing ; tho acicblly .of/tlic|hd|i^|l^|b? s ^d 
increasing tiro -time of Oxpgstvre,: i " ' ,m ... . ; 
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wia wchdlfSf - eSSeS ar ° ™ 7 insensitive, when compared 
nunn^t J lS f 1 1 ? 18 “ ft y Proceed principally from the. Went 
quantity of acid used • m the nceto-mtratc bath in panel- work us 

coUodioif nwi * Jiett ^" h ? lnte “ collodion work, Wl,m a 
ln a bath of *™fo*t* sufficiently 
nciauicd with oitno acid for a paper negative, the excess of nil mi: o 

rn , , CXpt>Se£l ' vct - and then developed with gml!r»- 
i. twl b 7 ht A e more sei,8ltlvc than a piece of paper tmiU-d 
u tho same way On the other hand, if a paper negative is exeitcl 

tlm 1V ^i-1 ral ? ltvatc * >ntll > ex P 0Sc d « r et, and developed with 
tl ‘0 pyiogalhc developer used for collodion, it blackens all n r 

*?» ^ ”**" ™» to k “P ft- 1 K 1 I * 

Sfa t LI!" S “ r' geti0 “ ““l™ "> » collodion 
uogauio, .1. Ins is the principal reason of the want of scnsil imw^** 

ofpnpe,; as compared with collodion, There am othot cZm w “ 
lo^p 91 !' ‘ U ^ 6nsltmI,e58 oftl "> collodion film; but tlino nro 

«oid, nlthoufflx it appears to act cx- 

- oSS,r C T S ' is bol '> nmlinooimmlout 

has hot vet linwnl 7 'a S ;, cen i 51 ' 0 !’ 080 ^ 1(8 n substitute. It 

onLo- 

3S 9 T l ^!lygoortaSeV 0 Z tkt \ 

present avtiolo, flvst Xibo tl,oroforo . '» «• 
the camera, and point out their defects, nil /|^ onimon , ,oni ! 8 °* 
improvomout upon then, os wendd h t AteS?^. . 

™ <UMn —' 1116 «Wptat form of photographic camera. 
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is that called the “Folding Camera.” In this instrument, the sidi"* 
are made of two longitudinal pieces hinged together, and also to the 
top and bottom, so as to fold between the top and bottom when tin' 
front of the instrument is removed. This is a very convenient 
arrangement ns regards portability. The front of the folding camera 
has a double slider for carrying tho Ions, so that the lens nm In- 
cither raised or lowered when the camera is in its usual position, or 
on its side for taking upright views. The length of this emurm u 
invariable, and the picture is focussed by means of a sliding mijm.i , 
incut of the brass work which carries tho lens, the lens being nmunl i d 
in a tube which slides in a jacket. This forth of camera annum 
tolerably well for views, when it is not required to work within a |Vu 
degrees of tho sun; but when it is required to take skies, or work 
in the face of a strong light, the folding camera allows too nmch 
diffused light to fall on the picture. This defect cannot be romedini 
without completely altering its form. 

( It would bo a great improvement to the folding camera, if pro. 
vision were made for inserting a diaphragm at about one third of ()>•> 
distance between the lens and tho picture, for tho purpose of cutting 
off tho light which falls on tho sides of the camera, and is thence 
reflootod on the picture. The picture formed by tho Ions is circular 
and not oblong, so that four segments of what would be an 
illuminated circular disc, are thrown on tho sides of tho camera, anti 
a great deal of light is thus reflected on the picture, tho whole of 
which would bo intercepted by tho proposed diaphragm. Tlu rm 
segments of light will he perceived on looking into the camera, with 
tho head mid. shoulders covered with the focussing doth. The light 
reflected in this way has no doubt caused many failures, for which 
tho chemicals linvo had to bear the blame. 

The common folding camera is therelbro a useful and portable 
but not a comprehensive instrument, mid it is faulty in u particular 
which it is very important to remedy. 

The Expanding Camera , — -This camera may bo used either for 
portraits . or views. It is composed of two parts ; tho front part 
rigid and carrying tho Iona, the ‘after part sliding in tho front; part, 
and carrying tho dark slide mid focussing soroon. This on morn jinny 
bo brought to within n comparatively short distance of tho object 
to bo copied, and tho focus of the Ions proportionally lengthened, 
It should bo matte to tako squnfhtoie tores of tho largest dlmohdtmi 
which the lens will cover j • there will then, bo no necoalitpbr platting 
it on its side when it is recpip^lQ; take an upright 'pioiiiive, Tim 
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anjiio kind of diaphragm should be employed ns was recommended 
m the folding camera. 

In every, expanding camera, the end which carries the slide should 
DO provided with adjustments for the puvpose of placing- the piano 

l ^° at v E l0US «*»*» of inclination with respect to the 
axis of the lens. These adjustments arc so extremely useful in 
enabling the operator to overcome difficulties which are continually 

without 1 them t,mfc no cmuem cnn kc considered perfect 

. No. provision is made in the common expanding camera for 
intercepting a. vast quantity of diffused light, which is likely to 
enter when a lens of large aperture is used, or when the instrument 
■? to face a strong light. An arrangement which will bo 

described presently, w»U be found to remedy this defect. Tho 
expanchng camera can he focussed either by means of tho sliding 
body, or the sliding tube which carries tho lens, 

' * l> ; } • ; 

^ k l bolting Ctaem.— This is merely an expand- 

i f ! ?'!’ *!? f®! 11 anc ! aftcr bodies of which avo made to fold. 

“ ■ # lfc Crtn be l wo3ced i(1 « 9 m«Her compass than tho 
common expanding oamora, 

forms of camera which are found in 
dFother VrnL fc i professional photographer; but a groat number 
SfeKS b00n m T m b ? lngcnious P^ons, and arc to 

of occent ™ 

rubS2vM^f bpx 'f Tovi( ! 0(1 vA- arm-lioloa and india- 
A ll nln 6 ’! 1 ? aides v and a l 3iece of yellow glass on the top. 
AH tho mamMjafeoii 6f tfa .collodion . process is performed within 
the camera, and no dark tent ip required. 111,1 

The Bottom Pm^ct is, an expanding one, in whioh tlie front 

tmoJlun m * XPnndinS °° VOri 

pcichn, v fuel! avo inflated, and covered with a cloth, bno oAheso 


bears the name of the Pocket Camera, and, armed with this inge- 
nious apparatus end a walking-stick tripod, the “ pestilent fag and 
toil,” 'as it has been called, of out-of-door photography, may bo 
avoided. Put these instruments arc generally found to have a 
screw loose when required for use. 

The bare mention of such contrivances ns these will suffice, ns 
they possess no veal practical merit, and do not remedy any one of 
the radical faults of the common apparatus. It is not our object 
in this work to record and perpetuate matters which experience has 
shown to possess little or no value, but rather to suggest, if possible, 
improvements on established forms and methods. Enough, then, 
has been said about tlio photographic? camera as it is. Wo will 
proceed at once to discuss its weak points, and, if possible, to pro- 
vide a remedy for them. 

The radical fault of nil the present forms of camera is, that they 
allow the imago to be diluted with light that is extraneous to it, anil 
which gets in and finds its way to the sensitive surface, thereby pro- 
ducing fog on the shadows and general discoloration, and rendering 
it next to impossible to obtain a clean picture with snfjlouml 
exposure to bring out, all the details. Now, the way in which dif- 
fused light enters, and the course it takes JVom the lens or win- 
dow in front to its destination on the sensitive tablot may bo easily 
exhibited by the aid of a diagram, and the remedy pointed out. 



If the camera is well made and light-tight, the only way in which 
diffused light can enter it is by the lens. Lot us see, then, in wlmt 
wav the construction of the lens is likely to produce this evil. 

Tig. 8 represents an ordinary portrait lens mounted in n tube: 
the anterior and posterior lenses being of the same size, and the 
inside of the tube being blackened with chloride of pjntinum, which 
merely changes the colour of tlio brass without dcstrofihg its polish. 
This is the way in which portrait lensos nro generally made mid 
sold. . ' 
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Now .observe what follows : — 

oblige pencil. Bays from it cover the 
whole _of tlio flii tenor surface of the first lens, and tlio pencil after 
lofi action, follows the course indicated by the figure One half of 

is reflell n Ut °?T Iialf 011 the inside of the tube, and 

d h °V > th f amws ‘ ThcsB wflooted rays, togiSS 

cums to need ^ * ? 'n' ° bli( J 1,e l )0J,cil9 thftfc iilaify dr- 

cimil u dii £ r , t U -°T L t l ° l 108 l F lor lcils * pnxluco a largo 
circular disc of light m the centre of the picture. In this arm mi 

rnent, not only has the central part of the picture more light in con 

ofCnvfJl? central pencils, bS iw 

thnUreTlllSl , most , ( ; bIlf lf P^ils is lost, and a portion of those 

&“SS trao co ™ " re to tho 

romeS“'h!r 9 m ,°. ll “. b y ,'' , W? h this very serious evil miry ho 
It” siis in Xh ^ T ■ f 8 a !" volvcs »» ovror in inmciplu. 
proXS SJ ? 1 SSf./ l0p '™ y bol "™n tho lenses, mul tin,, 

»ast 



iJn XT"*” 11 , 'll th ° lensea > u “ Posterior ions i, torp-r 

sasiSSiSSWWiM 
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_ But even tins Arrangement is not sufficient to produce a clear 
picture when the lenses are exposed to a strong light, the bright 
part of the sky, for instance. Diffused light exists in the atmo- 
sphere, and if we wish to see distant objects clearly, we must look 
at them through a tube. The stars, for instance, are visible at 
noon-tiny from the bottom of a well. Bearing this principle in 
mind, an important addition should be made to every camera, in 
the shape of a long dnrknencd tube in front, ns shown in Fig. 5, 
which is a section of a camera, with all tlie proposed improvements 
introduced. 



A camera constructed on this principle would be equally suitable 
for views or portraits, because its lens would give ns flat a field its 
an ordinary view lens, and splendid definition might bo obtained by 
using a stop immediately iu front of the front lens. By removing 
the stop, and -working in a strong light with a full aperture, it 
would be suitable for taking instantaneous pictures. It was witli a 
lens of this kind that M. Flachoron produced his magnificent views 
of Homo some years ago, and it is surprising that this form of lens 
should have gono out of fashion, and been supplanted by one in 
which everything is sacrificed to the central pencils. Tito great 
merit of a photograph is to be equally good in every part, and not 
to have the edges of the field sacrificed to the centre, a defect which, 
in views of landscapes or architecture, is perfectly unbearable. 

Should it be necessary, when using the above form of camera, to 
turn its axis upwards, tlio slide must be always kept strictly vertical 
by means of the arrangement for that purpose, otherwise, all the 
vortical lines would appear to have n vanishing point in the zenith. 
The camera and slide should be square, and the plates large onough 
to take in the whole of the circular picture that is formed by. the 
Ions. Circular views are extremely natural and pleasing, particu- 
larly when softened ofi f into darkness at the edges, It is a circular 
picture which is always formed- on the retina, and a view bounded 
by straight lines at rigid angles always conveys to the mind the idea 
of looking at things through 'ik|rqotangular hole in a box, and inter- 
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and L ReiV 

m fine whcn viewed in the 

fl “* i ^! iis came, ' a ^ used for obtaining conies of 
Hiff 8 ft phs orpunts, either by transmitted or reflected light of n 
different size from the Anmnr .1 wi „ « , ,tt 1! b iu > °> n 

Sc5r-«Si5s 

must 3 be intSducetHn+l^ f C1> fc T, tllc on ff ,1Ml, » some modifications 
E,„,! ( ‘ 111 tlw f0 ™ »f th3 ordinary camera, nnrt also i„ 

tarfflfiwt-tlin 1 *?■' milK V in C0 ?.™S »h Object on a dir. 
that the disfcnnc^nf f n of tho °ngmnl the same l-at o 

s;£ ts.ssSr* 3 

then G : 0 . : y , U corresponding to the distance V ; 

imiIOrtnnt “notion, via,, tlmt 

*Si"*TptoS iilrTT T‘ m U ’ v m '» « 

'lenses 'proeecl from the obl’iv J ’ TT/ °/ ect8 °. f P hoto g™pMo 
'0ldiquiU»yKiiiV • 1 M ' fcl ‘e lateral pencils, and as the 

cren^itllvtlrZAho Z'T 1 ' n fa W 11 ”' “ s U is <* 

the objeot to be copied L to intnub T ' )10t . r° brou 8 1,t 80 ncnr lo 
it should be placed at n d Jn Li c tluco vcr y °Mquc pencils, but that 
the longest C ion of 1? !, wi? ? 0 ( i un nt *«>* three times 
length of focus “ 

from pencils having *«, i obliquity of 

stnieted ns to meot this diffirnlfv’. T'f n'° J C1W bns lo bo 80 con * 
inted for giving a |) a t field wlmnLL "i * l p foinn of ' l Cn8 best cnlcu* 
not that **' obli( i llit .V occur, is 

focus of the central pencils 1 that is fn l° ffr ? l ^ 8t (ll8t,,,otnC38 of 
nlouc had to be corrected in the 1 L * Y h ! til0 co,,tral P" oi ' 9 
aberration, the form tew ile n • W ,bl ° ^ *»* «ptaicHt 
not be such as to satisfy at the sn «« t£ n? WC ”S?. lm P°30 would 
for flatness of field wlieii lh ° comlll,on9 necessary 
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in some measure removed, the form of the lens may be so modified 
as to remedy more perfectly the defects of central pencils. In the 
lens of a copying camera, therefore, the posterior lens need not bo 
■much larger than the anterior; iu fact, a single achromatic lens, like 
the object-glass of a telescope, may be employed, lint this subject 
has not yet received the attention which its importance deserves, 
and the best possible form of lens for the copying camera remains 
yet to be investigated. 

In copying n small photograph or print on a larger sonlo, tho 
projecting front of tho camera should be continued until it nearly 
touches tho picture, and this should be illuminated as strongly as 
possible, cithov by tho sun, or strong diffused daylight. When 
artificial light is employed (the oxyenlehnn light, for instance), it mny 
bo brought very near 'to tho end of tlio camera, audits light con- 
centrated on tho picture by means of a convex lens, as shown in 
1 %. 6 . 


Fig. 0. 



Whenever the light is sufficiently intense to allow of a stop being 
used, it should certainly bo introduced ns a remedy for tho" unavoid- 
able defects of the lens. When an achromatic convex lens is used, 
like that in Fig. 0, the stop should bo placed immediately in contact 
with it, either in front or behind. 

Small bas-reliefs may bo copied in this way very successfully, by 
throwing the light obliquely. on thorn, and' using a reflector t'o 
diminish the intensity of the shadow's. It is gonorallyibund clifllculfc 
in practice to place tho plane of the sensitive surface accurately 
parallel to -the plane of. the picture to bo copied, and unless this is 
done, the lines of tho copy arc distorted; Where ; the original is 
small, it may bo placed on a holder conncoted wdth ithe bottom of 


*' w3m* ftS S]i T' n e « G 5 bufc > if tllis ia not possible, the end 
i the c v merft sllouW be fitted with the niTnnge- 

Se niphnSjT 1 ™ v G ? rdinm ‘ y eamei ' n > fov blowing fJio plane of 
C mC r led , at nliy 8raaU « n glo to the axis of the lens, 
17 )nc , ft ? of thes ® adjustments, any distortion of tho imago on the 
gi'onnd glass may he easily .remedied. m 

,n,r P ie Pf^to bo copied is transparent, it should, if pos- 
the .“' a - t,1B fr ont of which should bo 
th » J 7 1° vemvc lfc . and the light which is transmitted 

tlnoiigli it should cither proceed from the sky, or a large white 

\\C n ™tSbin%i an P tif f ai „% llt Placed behind a condenser. 

baekLmul t Tn b 3f t l6 Sk l 8 l0llld nlwa ‘ YS bo U3C(l as a luminous 
S f\*A ■ P ^° VOnc ® 0 a»y other kind of light. This will be 
1 ully exp] amed in the . article on “ Micro-Photography. ” When tho 

tll ° so ™' ce of transmitted light, the msLment may bo 
Sfi hph V t sta . ncb 111 sllcb a way as to turn on an axis, to permit 
P* of the havens. When the copying 
nxis vertical, tho free nitrate on a sensitive 

^equenHv ? e !? wer part > aw1 fcb(3 picture is con- 

tlrnmfm? ; 111 density. Whenever it is practicable, 

ceXfn^ bt don^ * in8tranonfc to ™ls the zenith, this should 

copy^meiu, iTSifnm iu»sa^tt citcJ'SrthcT into deln?/ ns 

di “* - * "*** «• 

Solar Cameras This is a form of copying camera, in which 

SvZC'? ,nittttl tlU ' 0U611 n negative. It 

cSovOHl in ho fn n nf 01 r 8 T** ^ ^ W* * 

piojou, in tho toira, of the comlenser necessary for modifviiur llm 

" ml p rr th, s tho oyrM 

uic sun between the lens and the sensitive surface This form of 
condenser will be described in the article on “ Micro-Photography” 

•SSSfcacsaa-jar.s 

ifi ■cir^rs.*'. i ™ 

t uu. tins nay the two pictures are taken separately, in an 
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i nUd th ® C01lil ' ivm . 100 > which merely affects the 
stancl, should be called by some appropriate name. 

femce the above inode of talcing stereoscopic pictures involves an 
ror of principle, which will be pointed out it 



V‘ P ”I!f 51 P l0 . 7 lw ““ olul1 1,,u ™ ur 1083 convenient m practice. It 

!„ tn l!, CIC! “V r in f ou • ^ in wlMlt thi9 ™ consists, and 
then to pass on to . the description of tho other form of stereoscopic 
camera which is scientifically correct. 

di^Ln?^,.- 8101 ' 00 ? 001 ! 1 ? thc nxia of fc hc camera in its 

vide i nw f tl0, ‘! f- l0U(1 its Parallelism, however 

Z « dEdto? 8 ° n ? 1M 3\ b .°* ofch f w,8 °> there will be more or 

smon T ia "l.ff 0 ! 501 ' 1 /, co'fimng the images seen in the stereo- 
TV, 1 S ?'! Ilb « “ V1<l01 \ k fl ‘ om the following considerations 
in Pig. 7, let A B be a horizontal „ 

line above tho level of tho eye, (tho 
parapet of a high building, for in- 
stance,) and lot L It be stations 
Irom which stereoscopic views are 
taken. Lot the axis of tho camera 
be directed, in both cases, towards 
the same point 0. Then, thc lino 
A B m the pictures will not be hori- 
zontal, but will tend to a vanishing 
point, in tho picture taken from L, 

(the left station,) tho vanishing point 
will bo on the right-hand side beyond 

B, and the line A B will be inclined, — 

os shown in the figure bonenth L. In the picture taken from It, 

and h'ul fn nll0n, ' tl ° ,m0 A*! wiU iuc,liuo Awards tho left side, 
c can V r ? pmnt beyond A, as shown in tho figuro 
nealh It. \\ hen, therefore, the two pictures are mounted and 
placed in tho stereoscope, the points A, A, will not bo on the 
same horizontal line, and it will be found impossible to combine 

SoT 2Sl.SU t 8 ” !° *f° A’ 3 ’ 80 09 t0 I" 0 *™ stereoscopic 
f Sl,f 2i M ! e 10 T 1, fl ,° , na t0 bri "8> f ron tho points 
for fhn T th .° le f fc U P» and vicevm<!> 
' t] ' 0 ,J°' n J] 1 . r , u ^^8, it will be impossible to bom- 

.l/llTT l™,™! 1 tll f ri K l,t C J° ,mi1 L «'» loft, oral consider 
Ira 1 no Lli which join. Ulo eyes lo he horinonUll , then, if we 

join the optic axes L A, it A, and produce them, it is evident that 
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pSa ® ec ; n f 1 common point, unless the two 

CVatT Sn h V! me h01y T U 15ne ' fov > otherwise, tlie 

TIOt lie in Hip t n ^ ™ nnd Slm ^ U ]ihes which do 

Thn Lt Connot l )ossib! y meet in a point. 

, eonvevgeney of the two directions of the axis of a camera 

7oll^t l ^r VS ^ tl,e st ~pe,is fchorefoi'o shown 
an . (l lf tlie cllffic, % nniting the images 
LsfriTSi P ™ Cfclce ’ U perhaps he that the error is in 
ain . 0, ! nt > and t,le head, hy a scries of small 
° f *"*» » odHo “ 

which* the^nxiofnf 1 ? f stereosco P io camera is that in 

that the fivn «• i 6 1,lstlument nbv ays preserves its parallelism, so 
n 1 ms a^J n Ur8S i T takcn w m m 1 ctow. When the 
° s S a . tl ? ns “* together, this may bo very 
hotli nictures nn S by 00m J J1 ’ nn S' two cameras in one, and taking 

Sr te Sv^1? ine 1)U V n,u a ^ mGdt of this ammge. 

r be , t ? keu at ° nco * Tn ihot, so great 
possihlv be^nkpn I lS> * '!ff 110 °hj ecfcs which move rapidly can 
’XZ£Z ril tatanit, called 


s* Ssss; as? ks 

Stop, instontnneons pictures coaid be token in" Z l lid, f The 

In Cm S* m r d back ™ ls ^ forwards 

™.r KS n! V aCk m } .P\ nion i» the sales of the 
'['he front of the cnine.T‘1 n '° VC . < '' ule l ,c ndciilly of tho other. 

po-^cir wh^,f 'vvZoo t. " g ° e r' c S; e op z i,,g3 to r ,mi t th ° 

covered bv the revnlnfm,, • i , 90 mo C0VCIt :d and mi- 

two coiTesjjoiulin^openinga^nTtums^nboiif 320 ^ ?’> 7“ 

?f tbe front of the olmrcm A t "bottom J “ S "', U,C CC, , llr0 
»■ >'™vy Irmullo, which, by i s rvchtkt Snf . ! ' CV K - pi ", k 
plntc in n vertical posit i^n. n „,1 (.he Uolof u t ? , ’ C " U “ gs ll, ,° 

% n rapid semi- revolution of this nM»i m, ” C, | l c . oveict 1 

exposure may be given to the pictures y 1,,Stunt!m(:ous 

dimensions of theVameru/ 1 ^ WtmIs Wlth rcspect to ti,e pvincijjol 
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J'LTt l f °r C01 11,0 1<!nMS sll0 " ld 1>0 live inefa, 

mid they should ho five mclios from centre to centre. This distance 

s dSs wi S r tl011S is , ft • Uemi ! vlli . ch wiU ailit 11 very large class of 
sub eels .including’ portraits and views, in which there arc near as 

dimnetcr I'f!' ° , Tho 1)ictuV(is aro cimihlv > four indies in 
dimnetci and five inches irom centre to centre. The positive prints 

when cut and trimmed, are reduced to the usual size for the ordinary 



Fig. 9. 




stereoscope, or, when exhibited ns circular pictures, arc suitable for 
the large eosmornmio stereoscope, the lenses of which arc quarter 
lenses cut from a Inigo one live inches in diameter. The glass 
plates suitable for this camera should bo ten inches long by live 
inches wide. 1 lie slide should be a non-reversing slide, in which 

the lens ° Q ° M 81< ° r tlw brtck of tllG l Mo > mi V 1)0 presented to 

v 2 


Camphor. The camphors are a species of concrete essential oils. 
iM'fi Vf i esS T n ^ al °^ S w ' , ' c ^ 1 ^ avc become more or less oxidized and 
8oluMed. Light lias . great power in ozonizing oxygen in the 
prescnco of^ essential oils, and the oxygen thus changed, oxidizes 
either the oil or other substances, which may also bo at tho same 
tune in contact with it. It is the presence of this form of oxygen, 
which gives to the essential oils their odour 5 for if non-oxygenized 
oils be distilled . off quicklime in vacuo, the product is so fur 
inodorous, that oil of lemons can scarcely ho distinguished from oil 
of turpentine. Iiencc the effect of light in increasing the porfmno 
ot odorous bodies, The camphors pass by further oxygenation 
into organic acids, which will combine with oxides of silver or other 
metals, and these changes illustrate tho effects of organic matters in 
photo-chemistry. 

Common camphor is the produce of the camphor laurel of Japan 
and China. It lias been added to gallic acid, to serum, to albumen, 
and other organic solutions, to presevve them from decomposition ; 
nv w ^ en USC( l h developing albumen negatives, to prevent 
dulling _ pf the film, and to the salting solutions for paper, to 
produce richness of effect. Its anti-pntvefnctivo power is probably 
due to its absorbing the oxygen which would otherwise net on tho 
gallic acid or other matter. It is soluble in 1000 parts of water, 
but alcohol of S. Gr. 806, will dissolve more than its own weight, 

Canada. Balsam. This is a turpentino obtained from the 
Abies bnlsamea, which grows in Canada and the state of Maine; it 
is used to cement the lenses which form an achromatic combination, 
m order to dimmish tlic .reflections at the inner surfaces. Tts 
colour is not found appreciably to stop the actinic rays when tliua 
employed, though in photographing microscopic objects mounted 
in it, its antiactimsm is very considerable. See “Transparencies,” 


Cane Sugar. Tho sugar obtained from the sugar cane. A 
small piece added to each ounce of the’ nitrate of silver solution in 
printing positives is said to' have the effect .of giving a smooth 
velvety surface to the picture, and also of allowing tho paper to bo 
kept ; tor though, like other papers, it changes after a time to a yellow 
colour, this entirely disappears in the hypo-fixing bath. Sugar 
forma a combination with tlie -nitrate of silver in excess, which keeps 
it on the surface, and is probably decolorized with greater facility 
than the compound -which the nitrate forms with the ordinary paper 
sizing m the substance of the paper. -It renders the paper sticky, 
and in our hands appeared likely to spot tho negative and contract 
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dust, without increasing the surface vigour of the impression. See 
“ Sugar, and Preservative Processes.” 

Canson’s Paper. See “Paper.” 

Canton’s Phosphorus. Made by calcining oyster-shells in the 
open fire for half an hour, after which, the whitest pieces are mixed 
with one-third of their weight of Hour of sulphur, and heated red 
hot in a closely-covered crucible for an hour. The phosphorescent 
appearance which this assumes in the dark is much exalted by 
exposure to the sun’s rays, and this is the case with many phospho- 
rescent bodies. This effect is independent of heat. Sea "Solar 
Phosphori, mid Light.” 

, Caoutchouc. Common india-rubber, the inspissated milky 
juice of certain trees growing in America and the East Indies. 
V nnons plate-holders, and other pieces of apparatus, are made in 
part or wholly of this material; and if it is to he brought into 
contact with nitrate of silver solutions, it should lie remembered 
that the very flexible and elastic variety, called vulcanized india- 
rubber, contains sulphur, imparted to it in its manufacture. It is 
solubie m ether, chloroform, benzole, and some volatile and fixed 
oils. Naphtha also dissolves it, with the aid of heat. In some brittle 
black varnishes, where those solvents arc resorted to, caoutchouc,. in 
small quantity, is a useful ingredient, 

Cai> of tim Lens. The brass, or, what is hotter, pasteboard 
cover, winch is used to cover and uncover the lens at the time of 
exposing tho sensitive plate to light. 

Capsules. Small shallow basins mndo of berlin ware, plati- 
num, &c., for evaporations, solutions, &o. 

Caramel. Burnt sugar. It is soluble in water, and has been 
tried instead of honey, &c., in preservative processes. It was found 
to lesson tho sensitiveness, but was less inclined to crystallization. 

Camion. An elementary substance appearing in a great variety 
of forms, of which tho diamond is tho purest and charcoal tho most 
common. A stick of charcoal put into n solution of nitrate of silver 
and placed in tho sunlight, will revive pure win to silver around and 
adhering to itself, it lias hence been said, that carbon, with the 
md oi light, can reduce silver in solution to tho metallic state j but 



70 


CAIt 


the reduction is due rather to the peculiar physical properties of 
carbon in certain forms, than to an ordinary chemical reaction. 
This effect of carbon rather resembles the catalytic action of spongy 
platinum. 

Cambonate of Ammonia. There arc several definite hydrated 
carbonates of ammonia, but the usual commercial carbonate is n 
acsquicarbonnte containing three atoms of acid to two of ammonia. 
By exposure to air, it becomes a bicarbonate. It is lidded to iodide 
of iron to make iodide of ammonium, hut this is not fcho best method. 
It sometimes occurs in collodion iodized with this ammonium 
compound, and then its action in producing nitrnto of ammonia in 
the bath must be attended to. 

Cauhonate of Bahyta. Ba.O, C0 3 . An insoluble salt formed 
when soluble baryta compounds are precipitated by alkaline car* 
bonatos. Used by photographers in making iodide and bromiclo of 
barium. 

Oahbonate of Lime. Cn. 0, CO S = 50, The most abundant 
compound in nature, comprising the marbles, limestones, and other 
rocks. 'Calcareous spar and statuary marble are used in the labora- 
tory ns the purest varieties. This salt will answer many of the 
demands of photography, as far ns regards carbonates 5 ns, for in- 
stance, for neutralizing the nitrate of silver, or hyposulphite of soda 
bath, or oilier acid solutions, and for estimating the strength of the 
acids employed as measured by the alkali that is necessary to satu- 
rate them. It is. sometimes found in small specks in the surface of 
. glass plates, and is best removed by nitric acid. It is an impurity 
in animal charcoal, and in many hard waters. It is insoluble in 
water. - 

Oaubonate of Potassa. K 0, C O 0 = 70. This is n deliques- 
cent, strongly alkaline,. fusible salt, Its strong attraction for water 
renders it Useful in dehyfkntmg ether and alcohol, and it is other- 
wise of service in cleansing glass plates, as an antacid, in forming 
, ncetatesj in. forming carbonate of silver, and in reducing chloride of 
silver to the inetatlio state. It often exists ns an impurity in bro- 
mides, iodides, oldorides, cyanides, and other salts of potassium, and 
is very generally employed in their manufacture. Tho onrbonnlo of 
commerce is obtained, from the nslies of trees and vegetables burned 
fpr the purpose, and is contaminated with, chlorides and sulphates, 
Which may be in a great measure got rid- of by dissolving tho crude 
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carbonate in water, and evaporating till the solution is of the S. G, 1*6 2, 
when most of the impurities will crystallize out. When required 
quite pure for analysis, it is obtained by heating the crystallized 
bicarbonate to a temperature below redness, but sufficient to expel 
its water and half of tho carbonic acid, dissolving the residue, and 
filtering. 

Carbonate of Silver. Ag. 0, C0 9 . This is precipitated as a 
pale yellow insoluble powder, by adding carbonate of potassa to 
nitrate of silver. 1’t blackens by exposure to light. It is formed 
and dissolves in small quantity in solution of nitrato of silver when 
a soluble carbonate is added to it to neutralize free nitric acid, and 
the small quantity taken up communicates to the solution a slightly 
alkaline reaction, which renders it necessary to add a drop or two of 
acetic acid to counteract tho bad effect which the slightest alkalinity 
produces, 

Car:h on ate of Soda. Na. 0, C0„. Manufactured for washing 
purposes in immense quantities, by tho decomposition of common 
salt by sulphuvio acid, subsequent fusion of the product with chalk 
and coal in a reverberatory furnace, and purification. This mode of 
making it adulterated, leaves it with a small quantity of chloride of 
sodium and sulphate of soda, but it is generally extremely pure. _ It 
is used in the same way as carbonnto of potassa, and also in making 
nitrite of soda, for producing nitrite of silver, in removing the size 
from paper, in separating chloride of copper when chloride of gold 
is obtained from the standard coin, and m moderating tho action of 
chloride of gold used ns a toning hath. 

Carbonates. Tho carbonates used in photography, when soluble, 
are all alkaline in their properties, owing to tho weakness of enrbonio 
acid, and this must be particularly remembered, not only when they 
are used, but also when the chlorides, bromides, iodides, cyanides, 
and hyposulphites, are employed, because they arc all more or less 
adulterated with corresponding carbonates. When hardwator, con- 
taining carbonato of lime, is used for making nitrato of silver solu- 
tions, tho alkalinity produced must be removed, and pictures must 
not bo washed in such waters immediately after going through solu- 
tions containing carbonate of soda, or tho lime will bo precipitated, 
on the picture. 

Carbonic Acid. C Oo = 22. This gas is a very feeble acid, 
and reddens litmus paper but very little, Its effect as an acid, in 
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retarding the notion of light, or a developer, is almost inappreciable, 
but in nature it is itself decomposed by light in the leaves of trees 
and plants, which give off its oxygen and retain its carbon. The 
rays which effect this arc the luminous or yellow rays of tho spec- 
trum : the ohemical rays arc muoh less active. 

Oahbontzhd Plates. Copperplates have boon evenly covoml 
with hydrocarbon, in the form of finely divided powder, and, by 
oxposurc to heat, have been superficially converted into carburet of 
copper. These plates, covered with nitrate of silver and exposed to 
light under a negative, will receive an imago in pure milk-white silver, 
hint there is always too much tendency in tho metallic, plates them- 
selves, to reduce the nitrate, to render tho process available. 

CAnnunivr of Silver, Ag. a C ; Ag. G 5 Ag. 0 3 . Sil ver will not 
only combine with organic matter composed of carbon, hydrogen, 
and oxygon, but also with carbon alone, and that in three propor- 
tions, forming a dicarbuvet, a carburet, mul a bicarburet. Tho com- 
pound containing least carbon is formed by keeping fused silver in 
direct contact \vith carbon for some lime 5 but tho others are. formed 
by reduction from compounds of silver with organic acids by means 
of boat. Now this reduction is sufficiently liko tho reduction of 
organic snlts of silver by light, to bo worth comparison. The 
carburet containing silver and carhon, atom for atom, is n yellow 
substanco not affected by hqnt, and soluble in nitric neid. If the 
photographs which fade do so because tho silver continues to undergo 
reduction, nearer and nearer to tho metnllio stnlo, is tho final yellow 
tho residue of nn organic salt from' which sulphur, hydrogen, mul 
oxygen have departed, and of which tho carbon and silver alone 
remain ? Or do sulphur and carbon both remain 1* 

Cahrageen. , Irish moss, Ghondrm cri&pua , or Ji'ncwt orispua, 
This ia n kind of sea-weed, whilo Iceland moss, Gdruria Mandica, in 
a lichen, Both have been resorted to in photography, on account of 
tho jelly which they contain; The carrageen contains 80 per cent. 

, of vegetable gelatine, 10. per cent, mucilage, and 10 per cent, of 
chlorides, iodides, and bromides. It has been used 80 grains to Urn 
pint of wider ns a first preparation in the wax papor process. It js 
not precipitated by nitrate of silver, and therefore it limy bo sup- 
posed not to exert so muoh modifying power in that process ns 
albumen docs in others ; and indeed its action in ivaxod or other 
is of little moment, ao far ns the imago ia concerned, Tho 
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solution of Chondrus crispns must not bo confounded with that of 
cliondrino, which is derived from animal sources, See "Organic 
Matter.” 

Cask ate op Sn.vp/n, Cnsoine is the ebeesy matter of milk. It, 
combines with oxido of silver in the, same way ns albumen, mid form* 
ail insolublo organic salt of a white colour, which becomes hritkivd 
in. the light. It therefore powerfully influences reduction of tlu< 
silver salts in photo-chemical operations. The white salt is nilhd 
by some tho cnacato of silver. 

Casktne. Tho principle in milk which produces ohecne. It 
greatly resembles albumen. Like it, it is held in solution in the 
milk by tho alkali with which it is combined, and it is coagulated 
and precipitated by acids. Its action on nitrate of silver, mid io 
photographic processes, also closely resembles that of allmmen. 
Vegetable caserne, which exists in the gluten of flour, nets in the »»me 
manner, and hence flour paste is a much move powerful hndv in 
calotypo, &o., than the starch with which 'French paper i« sized, or 
oven than tho nnimal gelalino of some English papers. !l i« the 
valuable part of tho serum, or whey, used in photography, mid 
therefore that liquid should bo prepared so as not to ho entirely free 
from it, but to contain a dolinito quantity. . Oaseino dissolved in 
dilute ammonia will form ft solution which will coat a plate like 
collodion or albumen, nnd it has already been used in Ibis iimumr. 
Its properties must be intermediate between those two Hunk mure 
it has the combining power of the albumen, and yet does not form n 
film so hard or dillicult of development ns that substance ; and a 
rnoro ready development always implies an increase of seuNitivnienw, 

Catat.ysotyvk. A calotypo process, in which tho paper is first 
prepared with syrup of iodide of iron, instead of tho ordinary iodide 
of potassium. As the picture developes itself after exposure by merely 
keeping tho paper moist without using the usual gnllio acid developer, 
it was supposed that light sot up a " catalytic” action on llw silver 
salt, which then operated on tlio iron salt to produce a picture, 
Tho truth was, that when tho paper was excited on the nitraUs of 
silver, protouitrnto of iron was formed by tho same decomposition 
which produced iodide of silver, nnd this protosnlt is a still more 
onorgetio developer than gallic acid. The process is not good, 
because tho solution of nitrate of silver used for exciting is in n feu* 
hours quite blackened by tho iron, and the iron-syrup is itself vnry 



inconstant in its composition: but, witli smart manipulation, and 
fresh solutions, it ia extremely quick. 

Catalytic Action, (KarwXvinc, dissolution.) The following 
are n few instances of what has been called catalytic notion. 
Clean surfaces of platinum attract hydrogen and oxygen gnses so 
powerfully, that, without' combining with them in any way, it draws 
them into such close contact with itself, and with one another, that 
they unite and form water; platinum black will absorb in this way, 
without chemical union, £50 times its volume of oxygen. Charcoal 
newly burned and introduced into a mixture of oxygen and sulphu- 
retted hydrogen, causes their combination with such force, that while 
it remains chemically unchanged, it nevertheless becomes ignited, 
and the gases explode. When a pound of starch is digested, and 
kept simmering for a few days, witli six or oight pints of distilled 
water rendered slightly acid by two or three drachms of sulphuric 
acid, the sulphuric acid, though itself remaining unchanged, causes 
the staroh to be converted into sugar. A ferment introduced into 
solutions of sugar will cause the sugar to bo decomposed into alcohol 
and enrbonio acid, without itself combining in any way with either. 
Water is an oxide of hydrogen which is capable'of taking another 
atom of oxygen, mid becoming a binoxide, Btill retaining the form of 
watov; but n piece of gold put into it will suddenly decompose it 
without becoming itself oxidized, When ohlovntc of potass is heated 
tqcimjse it to giyo off oxygen, it is found that the gns is m noli move 
freely liberated when binoxide of mnngimcsois also present, though 
chemically it takes no part in the decomposition, nor is itself 
deoxidized. ^ In nil such cases where a body effects chemical changes 
in other bodies, itself remaining unchanged, this action of presonro 
is called entalytic action. It 1ms been supposed by some that light, 
when it nets on salts of silver to produco an invisible impression, 
modifies the salt in some way to communicate to it catalytic pro- 
perties. Tho_ most probable account of such an effect would bo, 
that the olilorinc undergoes some modification similar to that which 
oxygen in certain processes undergoes when it becomes ozone, with- 
out losing its chemical identity. Light has been shown by Professor 
ydionboin, in certain cases, to produce this died on oxygen, and in 
nil cases of catalytic notion it may bo that tho cntalyscr, if we may 
nse that term, renders allotropio one or more of tho elements with 
which it comes in contact. This notion of tho modift/iuy power of the 
light is not opposed to tho theory which supposes tlmt n grmlunl 
reduotion of metal^nkes place in the camera, though in such small 
quantity as to he inappreciable, becauao tho modifying power may 



CATJ 


cm 


75 


lie tlio cruise of tho reduction. No doubt tlic development of tho 
image commences at n point which our eyes cannot reach, and it is 
of no importance whether that commencement takes place in the 
camera or the dark room. 

Caustic. (K«y<nc. burning). Chemical substances which destroy 
llto vitality of any part of the body, or produce cllbets like burning, 
are called caustic. Tho name is generally applied to certain alkaline 
oxides and acid salts, which destroy animal structure. The most 
commonly used caustics are nitrate of silver, and potassa. Tho 
fixed alkalis and earths are all caustic, as lime, baryta, potassa; also 
such salts as chloride of zinc and ehlorido of gold. 

Caustic Ammonia, Potassa, Lime, &o. See “ Ammonia,” &c. 

Cknticfuadb Thbumombtbii, This is the thermometer gene- 
rally used on the continent, and is so called from centum a hundred, 
because the space between freezing and boiling water is divided 
into 100 degrees. The thermometer used in England is Fahrenheit’s, 
where freezing water is marked 88°, and the boiling point 21.2 . 
Cn tho two scales, therefore, 32 and 0, 4.1 and 6, 50 and 15, 
(18 ami 20, 8(1 and 80 are corresponding points. To convert 
centigrade into Fahrenheit, multiply by 9, divide by 8, and add 32. 

Ckntigiiamme, A weight often introduced into England with 
French Jbnmdro. It is the hundredth of a gramme. A gramme in 
equal to 15*4.32 grains troy, and a centigramme to '154.3 gr. 

Ountilithe. The hundredth part of a litre, or of 3Boz. 2dr. 
llmin. English fluid measure. 

Centimetre. The hundredth of a metre or of 80*7 inches 
English ; it is nearly -iV or £ of an English inch. 

Oimoi.ETm A principle in bees’ wax, soluble to a small extent 
in alcohol. Tho alcoholic solution when iodized, has been used as a 
substitute for tho wax itself in tho wax paper process, its e fleet 
ns organic matter is rather stronger than that of wax ; it does not, 
when introduced with alcohol, impede tho action .of light and of tho 
developer so much, and is move ensily manipulated; but- ifc. requires 
the paper to bo re- waxed. Ccroleino also gives greater intensity 
when broinido or oldovido of silver is added to . the iqdiclo, than when 
tho latter is employed alone. It has boon added to collodion, and 
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the small quantity which dissolves in the ethereal mixture, will 
prevent, by its adhesive character, the cinching which is caused by 
too large a quantity of water. The proportions for preparing 
paper are.— 

Solution of wax in alcohol, S. G-. 817, (90 grains to the pint 
of SO oa.) — 30 fl. o?., 

Saturated solution of iodide of potassium in alcohol, S. G, 840 — 

1 fl. 07,. 

Ciiahc oa l. See ce Animal Charcoal.” 

Chemical Elements. Those substances are called elements, 
which no known chemical operations will reduce to simple forms. 
See “Tables.*’ 

Chemical Equivalents. Every simple substance, and every 
compound substance also, has what, in chemistry, is called its 
equivalent number j thus, X is the equivalent number of hydrogen, 
and 8 is the number belonging to oxygen ; nitrate of silver has the 
equivalent number 170, and liydroaulphurot of ammonia the number 
34. These numbers express the proportions by weight, in which 
they combine wit'll or are completely decomposed by each other, 
and these proportions are always constant. One grain of hydrogen, 
for instance, will always take 8 grains of oxygen to form water, 
nhd SX of sulphide of ammonium will always throw down the whole 
of i: the silver from 170 of nitrate of silver. It is easy thovoforo, 
from a table of these numbers, to see at a glance how much of any 
substance is required for any chemical operation. See “Tables.” 

Chemical Eooub and Chemical Hays, Chhmioal Spec* 
trum. Tins rays which, in a compound pencil of white light, produce 
ohemicnl changes with the greatest force, arc not the red, yellow, or 
green, but tho blue, violet, and even soino invisible rays, and (hose, 
alter the pencil has been refracted by a lens, do not come to tho 
same focus ns the movo luminous rays. Tho point, therefore, of 
thoir coincidence, is called the chemical focus, and tho oilier the 
luminous; the blue, violet, indigo, and invisible rays, are called 
chemical rays of light, and those rays of the sun which produce 
clicinicql changes by their heat, are colled chemical rays of heat. 
See “ Light.” When light is decomposed into its coloured rays bv 
being passed through n glass prism, it is, when thrown upon a 
white screen, received as an oblong figure called the solar spectrum, 
and that portion of it which acts chemically, is called tho chemical 
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spectrum. The impression which this makes upon n piece of sensi- 
tive paper, is also sometimes distinguished as n chemical spectrum. 

Oiiumtstiiy on Photo oitAnnr. It lias been said that light 
does not fall on any body in the universe, on which it docs not leave 
traces of its passage, and that it cannot be absorbed or reflected, 
without in some way modifying the structure and properties of the sub- 
stance on tiic surface of which it struck. All the effects which light 
thus produces are properly the subjects into which photography 
inquires. But it is impossible here to do more than make a general 
inquiry ns to how light acts in common and easy eases, and en- 
deuvour to apply the information thus acquired to the explanation 
of the usual photographic processes. It will he easy for the reader 
to adnpt the same principles to the phenomena of photo-chemistry 
in general. 

The most simple ease of luminous action will be mentioned first, 
because, while it is less complex than any other, it is also a striking 
type of the whole class of decompositions and syntheses effected by 
the solar radiations. • Tho clement chlorine is carefully isolated 
from all other substances, and exposed to the sun’s rays. No 
apparent change takes place in it ; its colour, volume, density remain 
tlio same ; but it was observed by Dr. Draper, that in such circum- 
stances it undergoes a remarkable modification. Dor, whereas 
before solnrantion, it had no power to combine directly with 
hydrogen, it combines with it after that event with extreme readi- 
ness, even in the dark. No other element, when alone, has yet been 
found to experience this kind of change in the light to the satno 
extent, and this fact, therefore, places chlorine in the highest rank 
ns a photographic vc-ngent : the increase of a (Unity of chlorine for 
hydrogen in the light, and of bodies of the sumo class, os chlorine, 
for substances resembling hydrogen in their chemical properties, 
appears to bo tho thread which runs through all photographic opera- 
tions, and the basis of the art. 

Tho effect produced on chlorine when alone, naturally leads to 
tho expectation that a very decided action will take place, il hydrogen 
also he present at tho time of exposure. Accordingly, we find a 
mixture of hydrogen and chlorine gases placed in tho sunshine, 
immediately combine with such force ns to produce an explosion, 
and tho weakest daylight will produce a perceptible amount of 
condensation. This mixture has been proposed ns an nanometer. 
The hydrogen and chlorine united, form hydrochloric adid, and the 
quantity formed in a given time, is in direct proportion to tho 
intensity of tho actinic force existing at tho time in .the luminous 
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ether. No change has yet been found to 1)0 ejected in hydrogen 
by solar action, and it may he that the action is confined entirely to 
the chlorine, 

It is not necessary that the hydrogen should ho in the elementary 
state to he capable of photosynthesis with chlorine. A; great 
number of organic and other compounds of hydrogen, arc decom- 
posed by chlorine in the light. A solution of chlorine in water, for 
instance, when exposed to the sun, is speedily decomposed, for hydro- 
chloric acid is formed, and oxygen given off to the atmosphere. 
H 0 -f Cl. =11 Cl. -j~ 0, The action which thus takes place in 
hydrogenous bodies, in the presence of chlorine, is one of two. If the 
compound body contain water, the hydrogen of this water is removed 
by the chlorine, as hydrochloric acid, and the oxygen unites to the 
remaining elemonts of the compound to form a new substance. 'But 
if the compound substance contain no water, hydrogen is removed ns 
before, and' fornialiyclrochlorio acid with the chlorine j but for ovory 
atom of hydrogen thns : abstracted, mi atom of chlorine is substituted 
to supply its place. Thus, in the case of alcohol, C 4 H O a , what may 
be represented as a binhydrate of quadrihych'ocnrbon, or C, t II,, 
8 IIO, that is, one atom of qundrihyurocnrbon, and two of water, 
wlien chlorine reacts upon it, the first effect is to take away the 
hydrogen of tho water, and leave the two atoms of oxygen to unite 
with tho C,l Hj, and form acetic ether; hut when tho water is thus 
decomposed, hydrogen is no longer removed, except by tho suhtitu- 
thSm of ohlorino to fill up. the gap, One atom after another is 
^placed in tills maimer by chlorine, with tho production of as many 
(hllcrent compounds as there may bo atoms of hydrogen exchanged, 
until finally but one atom of hydrogen keeps its place, and the 
. resulting :subatan||lp cbloral (0,11, Cl., OA Chloracetio acid is 
another remarkable instance of this change' of substance by substilu- 
tioii. This compound was discovered by Dumas. It is 'formed by 
introducing a sm nil ’(Jjianti ty,o f concentrated acetic acid into bottles 
fllltf(I ; yhtlp'Ui’y Ohlorihtii hiidihxposed to the direct sunsliino. White 
vapours are soon formed, and the chlorine disappears. In llerce sun- 
shine the action is sometimes so intense ns to enuso explosion. The 
next day crystals nro found in the bottles, of chlorncolic acid ; and, 
on opening them, vapours as. seen to escape of hydrochloric acid, 
carbonic acid, and ohlorooavbonic or phosgene gases. In tliocryslnis 
it is found that the whole of the hydrogen of tho anhydrous acetic 
ftoul !ma been replaced by ohlorino: thus C 4 II, 0„ H 6 , lms become 
m uhr ^ Ghlori ™nK * n tho preseneo of cliloride of ethyl 
("4 ” Cl.), placed in tho direct light of tho sun, will romovo two of 
tho five atoms of hydrogen by forming hydrochlorio acid, and at the 
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same time put two of its own atoms in their place. An intermediate 
compound is first formed, when single atoms only arc exchanged, and 
one atom of hydrocholoric acid only produced. So far is the mere 
fnet of the hydrogen being in combination, from preventing its union 
with chlorine in the light, that in some instances the hydrochloric 
acid is formed with great violence, Thus, when light unrburotted 
hydrogen or marsh gas (0 II 2 ) is mixed with chlorine in the propor- 
tion of one volume of the former to threo of the latter, even tho 
diffused light of day is sufficient to cause a violent explosion. The 
vessels are broken, hydrochloric acid formed, mid carbon, and chloride, 
of carbon deposited. Of course the difficulty of removing tho 
* hydrogen increases with tho atrongth of the affinity which binds 
together the compound in which it exists, but no affinity is strong 
enough to prevent it altogether 5 water, which is as stable a hydrogen 
compound ns any, is easily decomposed by chlorine and sunshine, 
Nor is it necessary, it maybe further remarked, that the chlorine, 
any more than tho hydrogen, should bo in tho elementary state in 
order to produce its usual reaction with hydrogen in the light. 
Both the hydrogen and tho chlorine may exist in combination in 
compounds more or loss stable, in both of which tho affinities may 
bo far from weak, and yet tho light may luivo tho power of causing 
their mutual decomposition. Thus, the sub-chlorklo of sulphur will 
be gradually decomposed by witter in ordinary daylight, and tetra- 
hedral erystnls of sulphur may bo thus obtained, The compounds 
of phosphorus, siloniuin, carbon, silicon, and perhaps sulphur with 
chlorine, decompose water, and hydrogenous liquids in tho sumo 
manner. The terchlorido of nitrogen is a substnneo very dangerously 
explosive in the presence of hydrogenous and other combustible 
bodies. A small globule of this under water causes a tremendous 
explosion by mero contact with a drop of fixed oil, which disperses 
tho water with great violence, and emitting a momentary Hash of 
light breaks tho containing vessel into atoms. But these compounds 
of ■chlorine are not tho most stable of tho class, As tho affinities 
increase in strength, the difficulty of overcoming them by hydrogen 
increases. Tho alkaline and earthy chlorides are not decomposable 
in this manner, nor arc the majority of metallic chlorides. Those 
only appear to ho thus n IVcoled which are very easily reduced to tho 
metallic state, or winch pass without great difficulty from a higher 
to a lower stale of cltloriduliou, as from bichlorido to chloride, or 
from chloride to sub-chloride, as the chlovido.of silver. 

These mo tho principal cases in which chlorine is combined with 
hydrogen by the action of light. But hydrogen, though by far the 
most important, is not the only body with wlnoh chlorine has greater 
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power of combining in the light tlinn the dark. The element ap- 
proaching nearest to it in this property is carbon, It requires, pre- 
vious to its combining with chlorine, to be like hydrogen in the 
gaseous state, or else in the state in which it exists in organic com- 
pounds. These two bodies arc thus associated together universally 
m nil animaL and vegetable bodies, and are also acted upon by 
chlorine in the same manner, but in very different degree. When 
mixtures of olefiant gas and chlorine (C 2 II 3 and 01.), or marsh gas 
and chlorine (0 2I a aiul Cl.), are exposed to light, both the hydrogen 
and the carbon enter into union with chlorine, and in the first 
mixture a triple compound is formed, unless great excess of chlorine 
is present. The results in both cases are hydrochloric acid and 
chloride of carbon. The chloridcd compounds, of carbon arc either 
solid or liquid, but of hydrogen gaseous. It might be supposed 
tlmt it was the hydrogen which in these cases determined the com- 
bination of oarbon and chlorine, but the fact that the hydrogen does 
not. take the whole of the chlorine when there is not enough to 
saturate it, shows that this is not the case } and instances occur 
where no hydrogen is present, and where still tho carbon and 
chlorine are induced to unite by solar action. Equal volumes of 
chlorine and carbonic. oxide gases (01 and CO) oxpoacd to ordinary 
daylight, unite very gradually, but in tho sunshine very quickly, and 
in the dark not at oil. It was on account of its mode of formation, 
called by Hr, Davy, phosgene light, and yeimtio, to produce), 
.■ Oarbon also, existing in alcohol, and in many organic compounds, 
:.liiis:,:a^g)fWfc;.tenddn.ey bo , unite with chlorine, and this tendency is 
favoured by the action of light. Phosphorus, sulphur, boron, 
selenium, silicon, would seem, from many reactions, to bo similarly 
attracted ;by solarized chlorine, though in a degree not equal to 
hydvogdtiand carbon j and tliis property, ns affecting them, is scarcely 
resorted to in photography. 

But is. chlorine separated from any of its compounds by tho 
influence: of light?. Its union with hydrogen and carbon, ns pro- 
duced' by that agency, is sufficiently demonstrated by tho preceding 
experiments.. Are its compounds ever decomposed by the same 
agency? -.In the presence of hydrogen or its compounds, yc9 ; 
obherwiso it scorns probable that they arc not. This is opposed to 
tho popular-opinion on this subject. Chlorido of silver, bichromato 
of potass, citrate of silver, nmmonio-faitrntc of iron, and other such 

■ motions, mo constantly spoken of by photographers as if they 
■red decomposition merely as the effect of solar light. Thu light 
fe said to loosen tho affinity of chlorine and silver for each other, to 
have a deoxidizing power, to bo n destructive agent. Of course, it 
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would not 1)6 more strange that it should lessen affinities than that 
it should exalt thorn, and the question is one entirely of experiment. 
It does not appear, however, that any experiment has yet been 
recorded which proves that the change produced by light is of this 
kind j while the experiments made by Seebeek and Seheelo, with a 
direct view to determine tho point, are strongly conclusive against 
it. Chloride of silver, covered, in n stopped phial, with sulphuric 
acid, was found by Seebeek to remain uncoloured in the sun’s rays 5 
taking the stopper out was sufficient to cause its discoloration, as 
was also the addition of water to tho acid. Schecle’s idea was, from 
his experiments, that chloride of silver was not decomposed by light, 
except in tho presence of hydrogen or its compounds. Chloride of 
silver in the dark is not discoloured, even when pure dry hydrogen 
is present, but is instantly in the light. Compounds of chlorine, 
much less stable than the silver salt, are not decomposed by light in 
this manner, though they are very quickly changed when hydrogen 
in any form is present. Such boilics appear to be very stable when 
perfectly protected from nil combustible substances which can take 
tho chlorine. Even tho much stronger current of electricity, pro- 
duced by a galvanic circle, appears to have no power of separating 
elements in such a direct and abrupt manner. Wo are not without 
indications in our ordinary photographic operations, which show that 
the elements which are concerned in the decompositions must be 
balanced with tolerable nicety to allow the luminous ethor to inter- 
fere with them, and Such a compound as chloride. of silver would bo 
too stable to allow its affinities to bo overcome by so weak a force. 
Tho affinity of chlorine for silver is not much weaker than tho attrac- 
tion of hydrogen for chlorine, or for oxygen, if wo may judge by 
their mutual reactions, and would therefore bo as likely to resist tho 
action of light as water itself. The only example produced by 
chomists, of decomposition taking place directly by light, so far ns wo 
are aware, is that of chlorous acid. Chlorine is horo (01. 0) as- 
sociated with an clement ,so nearly resembling itself in its relations, 
that it is difficult to say which is the negative and which the 
positive. They replace each- other in many compounds t.-'d-thoir 
affinities for other bodies arc of equal strength, and directed; to the 
snmo elements, and their attraction for each othor in this compound 
so slight, that tho warmth of tho hand is often sufficient to Cause 
their dissolution. It is said that chlorous acid is not changed', by 
several hoars’ exposure to daylight, but that a 'few minutes’ sunshine 
decompose it without explosion. But it is moro probably tho heat 
of the sun’s rays which effect this change than tho actinism, since a 
slight elevation of teinporuturo will decompose this gna with explo- 
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sion. As hydrogen iu : many views resembles the metals, analogy 
would suggest that the effect of light would be to increase the 
affinity of chlorine for silver, rather than diminish it. For these 
reasons it seems necessary to regard the presence of hydrogen, or 
some snob substance, ns requisite in photal reactions. The 'nature of 
the hydrogenous compounds must therefore bp ealeulnted, in all 
photographic preparations, and in nil reasonings on the chemistry 
of the processes, 

Hitherto, for the sake of simplicity, no mention has been made of 
any phofco-sensitivo element but chlorine; yot oxygen, bromine, 
iodine, cyanogen, and others, might have been, at the same time, 
adverted' to. Neither of those is capable of uniting, as chlorine 
does, with gaseous hydrogen directly when exposed to light: they 
are,, therefore, weaker reagents in those changes which are deter- 
mined by. solar radiations ; but from other indications wo conclude 
that thoiiv notion on combustible bodies, which contain combined 
hydrogen and oavbon, is still very powerful when light Mb upon 
them. . Tims, the drying oils, as they are called, confined in n vessel 
With' pure oxygen, at first scarcely absorb any in the dark, but, ex- 
posed to strong light, they are spcodUy oxidized and converted into 
gelatinous substances which do not stain paper. As in tins wise of 
chlorine, substituted for hydrogen, which wo mentioned above, the 
oxygon here removes carbon in the form of carbonic acid, and ut the 
srtitio time, replaces it with oxygen ; no water is given oft', though pro- 
bably formed in the oil itself. A similar though weaker action lakes 
place with other fat oils. Fats and butler absorb oxygen in the light, 
and become aoid. The essential oils absorb oxygen, mid this nbsmp* 
tion is muoh more actively cavi led on in the light, and is llie reason 
of their being odorous. During the oxidation, some give oil* enr- 
bonio acid and a small quantity of liydrogen, become more mid 
more soluble ill alcohol, and more solid," and ore partially converted 
into camphors ov resins.: others give hydrogen to form water with 
the oxygen, which wator unites with the remaining elements, to form 
solid hydrates. .Bitter almond oil, in the air mid sunshine, absorbs 
two atoms of oxygen, and is converted into solid hydrated benzoic 
acid (O,^ ll fl Og+Oj^O,.,. JL 0 8 , HO). In tho similar case of 
ohlorine, bitter almond oil an (Might, , C,. ll fl 0 3 + 2 Cl.=tl 14 ll 5 O a 
01. + IT. Cl., but the hydrochloric acid (II 01.), instead of roninining 
in tho compound as the water (II 0) does, is liberated. Oil of ciu- 
- 0011)011 is decomposed in precisely the same manner. Gum gimin- 
oum, in tho light, absorbs oxygen and changes colour to groom The 
bleaching and the colorat ion of oils by light, are nltribulublo to I ho 
same species of reaction. In tho photographic processes with 
bitumen, this property is taken advantage of, mid in tho photo* 
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lithographic processes generally. Carbon, in certain of its organic 
forms, has also the propevty of uniting with oxygen in the light, 
and in many of the gradual changes which light operates in complex 
organic substances, both the carbon and tho hydrogen which they 
contain are oxidized. Bromine and iodine unite directly with car- 
bon and hydrogen, existing in the gaseous state in the form of 
olefiant gas, when exposed to the sun’s rays, though they clo not 
appear to have any such power on isolated hydrogen or carbon. 
They are also both capable of entering like oxygen mid chlorine, by 
a process of gradual substitution, into numberless organic com- 
pounds of hydrogen, carbon, and oxygen : and an inquiry into the 
exact interference of light in these cases, constitutes the real field 
of scientific photography. Whenever chemists speak of the pro- 
tracted or gradual effects of these electro-negative bodies upon 
others which are move electro-positive, the influence of light is to 
be suspected ; and their mutual reaction, when recently prepared, 
and when they have never seen the light at all, ought to be in such 
oases examined. The processes of fermentation, putrefaction, spon- 
taneous decomposition, and change of form, and spontaneous com- 
bustion, and other changes often spoken of ns if they were effects 
without causes, should also be studied in their relation to actinic 
phenomena. ' 

The other imponderable fluids, ns well ns light, have tjio power 
of incrcffting the affinities of chlorine and hydrogen, and of their 
respective congeners. Thus, hydrochloric acid may ho formed by 
passing electrio sparks through the mixed gases, or by subjecting 
them to a ' certain degree of heat, and both these are capable of 
effecting combinations which light is too weak to produce. These 
same agents are even found, where they exert different degrees of 
force, or in different circumstances, tp have both the faculty of 
uniting elements, and of decomposing tho compound which their 
union forms. Thus, hydrochloric acid may be decomposed into 
its elements by the electrio spark as well ns formed by its ngefioy. 
And the like effect lias been observed in photography, to attend tho ac- 
tion of the aclinic rays, and has been culled “ reverse action of light.” 

I'Toin a comparison of tho effects produced by these fluids upon 
tins two classes of substances which have been spoken of above, in 
different circumstances, we learn Hint' the order of affinities, ns far 
as rclnles lo the “ sensitiveness” of the elements, is as follows : — 
Chlorine • l'inorino Phosphorus 

Oxygen Cyanogen Sulphur ' 

Bromine Hydrogen Selenium 

Iodine Carbon Boron. 

o 2 
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J-lns order is the same for electricity, light, and heat alike. The 
metnls have not been classed, because if, ns analogy would intimate 
the affinity of chlorine for them is increased by light, and not dimi- 
nished, as some suppose, this li«3 not hitherto 'beon taken advantage 
of m photography. . If we wisli to form a table of hydrogen and car- 
bon compound bodies, arranged in the order pf their afiinity for 
ehlormo, fee. in the light, some modification of it would be necessary 
for ^noh element, in accordance with the nature of the decomposition 
which would take place. 

With respect to tlio mode in which light operates in modifying 
the olieniical relations of bodies, wc are almost entirely in the dark. 
It has been disputed in some cases, whether actual decomposition 
is produced, or only a change in the arrangement of the constituent 
atoms ; but it is clear that a molecular change must first be induced 
% and that this must end in decomposition. The precise 
moment when such decomposition commences is beyond our per- 
ception, and is not, in any case, necessary to be known. What the 
nftturo is of this molecular modification, ‘is the interesting question. 
/' luh respect to dxygeni .we know that it is onpablo of existing in 
. two rbi'pi8r^the : hetivo or ullotvopio form found in ozone, and the 
^launL and loss active form. Allotropio oxygen is often formed from 

I vr ntul vnaant nu _1. . . 


Mjp w '.sui m .iiomos arc present, it is therefore tiir to eon- 

Chide that light nets on tire bodies 'which resemble oxygen in a like 
manner; and tho < chlorine, which has been altered in' its degree of 
solnrizfltiou, will lo active or nllolropic ohlorine. Ami 
so of the rest. Bodies like hydrogen, combustible hydro-carbons, 
and phosgene gns,;evo so remarkable for their high refractive power 
on light, that Newton was led to supposo that the diamond was 
combustible merely from its index of refraction. Somo ossonliitl 
oils ami hydvo-cnrbons can only bo distinguished by a peculiar 
power of rotating n polarized ray of light to the right, dr to the left, 
ilicao, and other like phenomena, would lend us to suppose that the 
notion of light is to polnrizo the elementary ntoms, and that their 
<h [rerent properties arc the effects of their polarity. A change of 
polarity in one element in a compound would immediately nll'oot the 
whole, and might lend to its decomposition in the presence of a se- 
cond body, or to tho assumption of a diO'erent arrangement of its 
own elements if isolated. In either cns«tlio result would bo u dis- 
tinct chemical cliaago. But light may perhaps, without producing 
an actual elmngo of polarity, set up in certain casos a vibratory 
action among the particles themselves, similar to tho regular vibra- 
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tions produced by sound in sonorous bodies. This kind of action 
is sufficient to account for the phenomena observed in the formation 
of images by the condensation of vapours, as in the experiments of 
M, Moser. The condensed vapours then arrange themselves in the 
lines of vibration, just ns in the figures of Chlndni, minute solid par- 
ticles arrange themselves on the sonorous surface. 

The facts, therefore, which are established by experiment, and 
which must explain for us the formation of photo-chemical images, 
are — 

li'irat, The increase of affinity in the light of chlorine, oxygen, 
bromine, and iodine, for hydrogen and carbon. 

Second, Tho regular decomposition which occurs in certain eases in 
consequence of this increase, capable of being represented by 
chemical formula). 

Third, Tho gradual and progressive nature of this decomposition. 

It remains to apply these to the explanation of the two processes 
to wIuoIl all others used by photographers may be referred 

I. SuN-PRINTINQ, 

II. Development Printing. 

T. Chemistry of Stm Printing . — Printing on paper prepared witli 
chloride of silver 'may bo taken as an example. This paper is first 
prepared with a soluble chloride of sodium, barium or ammonium ; 
it is thou brushed over with a solution of nitrate of silver strong 
enough to decompose the whole of tho chloride and leavo an excess 
of nitrate. Na. 01. -p Ago. No c = Ag. Ol. + Nao. No c -fAgo. No fi . 
The paper now contains (I) chloride of silver, (2) moisture, (3) nitrate 
of silver, (d) vegetable fibre, (5) starch or gelatine in the form of 
sitting^ and lastly, nitrate of soda, which, however, produces no effect 
appreciable in tho results. As to their separate ..influence, it may bo 
said in general tonns, that tho oh lor ide decomposed by light and mois- 
ture gives a feeble violet image, Unit the nitrate of silver strengthens 
it and somewhat darkens tho lone, and that (lie vegetable fibre mid 
sizo, but especially the size, give a redder and wanner tone to tlm 
colour, with more vigour and greater transparency. What is the 
chemistry of these effects P 

First, as to the chloride. Some have supposed that tho ohlorido 
is reduced to the metallic slate by the entire removal of tho cl/lorinc; 
olhcr3, that the silver loses all its ohlorinopbul lakes oxygen ; others, 
that it loses half its chlorine and takes oxygon to supply its place, 
becoming a mixture of sub-chloride and sub-oxide j find others again, 



hat it loses half its chlorine without taking oxygen. It seems to 
jo a sufficient objection to the idea that in the reaction the silver is 
)xidi%ecl, that oxide of silver, in the presence of water, is reduced to 
die metnllio state by light, and that the violet colour is not at all in- 
dicative of tho presence of oxide or sub-oxide, for of these oxides one 
is brown, and the other black. The doubt, therefore, must lie between 
the reduction of chloride to the metallic state, or to the state of sub- 
chloride. The chloride of silver reduced to the metnllio state by 
hydrogen in tho ordinary methods, is of a dull grey colour, in no 
degree resembling the violet compound produced by the sun’s rays 
acting on it, but, on the other hand, the sub-chloridc of silver 
which is formed by immersing silver plate into a solution of per-olilo- 
rhlc of copper or iron is of a deep violet tint, which, when another atom 
of chlorine is given to it by an aqueous solution of that gas, becomes 
white. Tho affinity of chlorine for silver is about equal to its affinity 
for. hydrogen, if we may judge by experiments on them in ft healed 
state 5 for red-hot silver will decompose hydrochloric acid, and red-hot 
chloride of silver will give up its chlorine to hydrogen passing over 
it. When, therefore, chloride of silver and water act on each other 
in the light, if the silver be reduced to the metallic state, the light 
must be powerful enough to decompose water, to prevent tho oxidation 
of the silver, and to cause tho hydrogen to remove tho chlorine 
entirely from the salt, by tho superior affinity for it in those circum- 
stances. But this is scarcely in accordance 'with ’the known power 
of light in other similar reactions, And, ns the metals which have two 
degrees of ohloridation are known to partw.ithono atom of ohloriuenmch 
.more easily than with both, we conclude ■ tho reduction to be to tlui 
’ state uf sub-ohlovide only, % Ag. Gl. + Iio.=Ag, 9 01. +H. 01, + 0. 
It is doubtih! whether the atom of oxygon is immediately liberated 
nucblesc apes intcv.the air, .for experiments With tho iodine test for 
chtoi’ihe indicate its presence; it would therefore seem that, ns in the 
electrolysis of Water, the liberated oxygon often unites with tho water 
to forth peroxide of hydrogen,- so in photolysis, tho atom of ohlnviue 
sometimes remains attached to an atom of water ns oxyoldovido of 
hydrogen, until set free by other causes. 

The action of nitrate of silver is next to be considered. Its own 
decomposition by ilie . organic matter of the. paper will bo examined 
in the next paragraph, with the paper itself 5 hove we nvo oonoornod 
with the darkness which it acids to decomposing chloride of silver 
when no such matter is- present. It will bo found, if chloride of 
Silver is jjreoipitated horn- an excess of nitrate nncl oxposod to the 
sun, thfit it darkens more than if there be no excess of nitrate in the 
.solution. . , Pure chloride of silver itself is : so : perfectly opaque, that 
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after very prolonged insolation it is only superficially decomposed, 
mid immediately beneath the surface remains white ; the colour i» 
therefore too feeble to produce mi effective photograph. This in the 
ease when organic matter, however active, is present, and occurs with 
all kinds of papers, albumen as well ns others, when there is no five 
nitrate. Organic matter seems to have no action on the chloride in 
this case ; and the reason of this is doubtless to be found in lln* 
solid and intractable state in which they coexist, for in processes by ill - 
velopment where the active organic matter is in solution its influence 
very perceptible. The reason why nitrate of silver, added to the simple 
ehlorido, increases its darkening power, would appear to be that the 
hydrochloric acid formed by the light, precipitates from the nitride 
new chloride continually upon the surface, which again suffers partial 
decomposition and renewal. In this manner a larger quantity of tin* 
violet salt will be formed than if no nitrate assisted in its acommilnlhm, 
But the nitrate of silver also modifies the colour and vigour by it n 
specific reaction with the fibre and size of the paper, (lotion and 
linen fibre have botli an affinity lor many metallic oxides, nluiiiiaa. 
oxide of iron, oxide of tin, &c., and among others for the oxide of 
silver ; this affinity is sufficient to cause a decomposition of nitrate 
of silver in the fight, though the light, unaided, has no power to 
decompose that salt, either in the solid state or in solution. Tin* 
same solution of nitrate of silver which would of itself remain dear 
and bright for an indefinite period in the sun, will be very quickly 
reduced by fight when in • contact with a piece of Swedish filtering- 
paper or pure cotton wool. The oxide of silver combines with the liluv, 
and the nitric acid is set at liberty as may be perceived by its Hindi, 
The warm brown oxide therefore mixes, and perhaps combines with 
'tho subchlorido, to intensify the deposit, and at the same time rentier 
the colour less cold and slatev. Tins organic matter with which Urn 
paper is sized is still more efficient in those respects, and so life Urn 
albumen, serum, and other substances with which papers are Often 
purposely imbued. The principal classes of organic matter am. 
.thoijigaines, the starches, the gums, the- sugars, the gelatines, (he 
profoiniferous bodies, tho neutral and acid principles of fats, .essential 
oils and liquid' liydvo-cnrbons, tho resins ifrnl camphors, and the 
vegetable acids. Theso include an almost infinite variety of Sub- 
stances all varying in their behaviour in photographic processes, 
In sun-printing* their action does not appear to depend upon thpblilorine, 
. combining witli thoir elements in the light, but entirely on their 
power of forming compounds with the elements of nitrate of silver. 
All appear to possess this faculty in some measure or other. Generally 
they form soluble compounds with the nlknlis> find insoluble ones 
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of important differences in their cliernicnl relations. If n payer, 
prepared ns the chlorided papers in all respects, except the substitu- 
tion of iodine for chlorine, be exposed to light, it is found impossible 
to get beyond a feeble grey ox* d rub-coloured impression. The che- 
mistry of this change is move obscure than that which occurs with 
chlorided surfaces. The following is n plausible explanation. Pure 
iodide of silver, exposed in the dry state to the action of the atmo- 
sphere and light, remains unchanged, and is not reduced to the con- 
dition of subiodido, ns might be expected. Oalotypo papers, which 
have been prepared either by wluifc is called the double or single 
process, may be thus exposed without change, for any period, to sun- 
shine, but similar chlorided papers arc immediately discoloured. 
Well-washed iodized collodion plates are equally incapable of re- 
ceiving any visible impression; and, so far as any actual decomposi- 
tion is concerned, pure moist iodide of silver may bo pronounced 
insensitive to light. This seems to confirm very strongly what 
lias been said respecting* the mode in which the removal of half the 
chlorine of chloride of silver is brought about ; for if the light noted 
immediately on tlio elements of the compound to separate them, it 
ought it, fortiori to decompose iodide of silver where the connecting 
affinity is weaker. But if it be allowed that an atom of water must 
. intervene, then it is plain why iodide of silver is not affected by the 
solar rays. Iodine dissolved in water and exposed to light, has not 
the power to overcome the more powerful affinity of hydrogen for 
oxygen, but on the contrary, a solution of liydriocUo acid exposed to 
the air gives up the hydrogen of the acid to the oxygon of the 
atmosphere amt sots the iodino at liberty. The great difference, 
therefore, between chlorine and iodine lies in the fact that the for- 
mer has a power of liberating oxygen from water in the light, of 
which iodine is destitute. 

When, therefore, papers prepared with iodide of silver and nitrate 
of silvor darken in the sunshino, an idea might bo entertained that 
the darkening proceeded from the nitrate only ; but this would 
not be correct, because papers imbued with both salts dnrkon more 
quickly than if the nitrate alone is present, and also because iodide 
of silver, precipitated from an excess of the nitrate in a test tube, will 
bo found to change colour under the sun’s action, while nitrate in 
such circumstances is not darkened except the light" is assisted, by 
organic matter. Some other reaction must consequently oeonr in 
this instaneo between the iodide and the nitrate in solution. It is 
found on trial, that whatever change takes place there is no libera- 
tion. of iodine when iodide of silver and solution of nitrate are acted 
on by light, nor of any of tlio elements, except mtrio ucid, which re- 
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mains in the, solution j whatever change takes place is in their ar- 
rangement only, for in the dark the yellow colour is restored, except 
organic matter interfere to prevent : the yellow salt may be. thus 
darkened, and restored many times in succession. A similar change 
occurs when a, brown aqueous solution of iodine is exposed to 
lignt : no oxygen is given oif, ns has been already observed, yet very 
slowly the brown colour disappears, but is gradually reproduced 
m the dark. . When the colourless solution is examined, it is 
found that the iodine, not being able to displace oxygen, has com- 
bined with both elements of the water in such a way ns to form 
liydriodie acid with the hydrogen, and iodic acid with the oxygen : 
6^ II 0+6 Isa I 0 6 + 5 H I. These acids form colourless' solu- 
tions. But in the ordinary course of chemistry, liydriodie acid is 
decomposed very quiokly by iodio ncid, water being formed and 
iodine set free. This sufficiently explains the reappearance in the 
dark of the brown colour whioli the light destroyed, When free 
iodine is added to a solution of nitrate of silver, if iodide of silver 
only were formed, then, besides nitric ncid, an atom of oxygen would 
bo liberated ; for Ag. . 0 + N 0 6 *fI=sAg. I+N O ri +Q; but hero 
also, iodine not having the power of liberating oxygen, forms with it 
iodic acid, and so iodato of silver : 6 Ag. G N O B +0 IaAg. 0 I O s 
d-5 Ag. I + flN 0 B . The reason, therefore, why light has not suffi- 
oionfc power, to decompose iodide of silver in the presence of water 
0J1 ty> yet can so decompose it when nitrate of silver is also pro- 
senti^ia.jtolernbly obvious. In addition to the tendency which iodide 
of silver has in the light to givo up iodine lo form iiydriodic acid 
' Acid^llbinotilior force is. introduced vi^ tlio attraction which 

tlio'bititlo of silver in the nitrate' has for thoso two acids j and it is 
easy tovsuppose, flint, though either force separately might bo insulli- 
Oiont, y©t tno t\V0 nv union might be ablo lo complete the change. 
The formula, of the decomposition would be 6 Ag. 1 + 0 Ag. 0 N O n 
•==Aff, O' I- Oj+fr'/Ag, 1+ 6 N 0 5 + 0 Ag., if wo suppose the silver 
is reduced to the metallic state; or if wo supposo it to become re- 
duced to subiodide only, which seems inqvc probablo, the 0 atoms of 
metallic silver which are shown in the formula will be united to (1 
atoms ol urtdecoinposed iodide. In the dark, if no organic matter 
prevent, this arrangement of the elements is altered and nitrate and 
iodide of silver reformed. When organic matter, such as paper, is 
present, the reaction wilt be different if an 6rgnmo salt of silver take 
part in it instead of the nitrate. This organic matter may have 
such nn n (Unity for tho atom of oxygen, the non-liberation of which 
causes the above formula) to be so complex as to cause nn entirely 
different change, or it may by its affinity for the subiodide simply 
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maintain the arrangement of fcho salts which light has induced. The 
former is probably its action in developed prints, the latter in sun 
prints. "We cannot wonder if this be the correct view of the dark- 
ening of iodide of silver, that it should be carried to a much hiss 
degree than in the case of chlorido, where not a fresh arrangement 
of the salts merely hut actual release of one element occurs. The 
light is barely sufficient in the iodized paper to overcome the incli- 
nation which the salts have to return to their first condition, and 
this inclination increases as the iodato and the free nitric acid ac- 
cumulate ; the reduced subiodidc is of a dingy colour, with very little 
force 5 and the quantity of nitrate of silver must be small, because 
strong- nitrate of silver has the property of dissolving iodide to such 
an extent that, if allowed by evaporation to become concentrated, the 
whole surface of the paper would be whitened and its sensitiveness 
destroyed; and the organic matter has no influence directly on tlm 
iodide, any move than it has on the chloride.. Tor these reasons the 
chlorido is universally employed in sun-printing. 

II. Development -Printing, — • By development is meant the 
rendering visible an invisible actinically formed image, or the 
intensifying a visible one, by means of chemical reagents acting 
by their ordinary chemical affinities independent of the light. 
'Both visible and invisible impressions of. light inny be developed. 
A body whoso presence in a certain preparation is essential toils 
modification by light, is called a sensitizer ;■ if not essential . lo 
the nctinic influence taking effect, but only favouring the production 
of tlio eftect in a shorter time, it is an accelerator j if itself decom- 
posed in such a way by the substance which has already been 
modified or decomposed by light ns to attaeli itself to it, or in any 
other way render the effect perceptible or plainer than before, it is a 
developer. The same compound may fill all three offices, but its use 
is different in the three oases. It is important to remember that the, 
developer is nlwnys a compound, either decomposing. spontaneously, 
or suffering decomposition, by the substance produced by light in the 
'sensitive' surface. In the usual processes of photographic printing 
by development, the developer is always a mixture of solutions which 
are gradually letting fall a precipitate by their action on each other. 
The principle of development is therefore altogether different. from 
sun-printing, and the chemistry proceeds on altogether a different 
principle. The power which is continually noting in sun-printing 
is the power of light in causing certain elements to unite i the force 
resorted to in development is simply the attraction of cohesion, by 
which atoms which are homogeneous tend to cling together, So 
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entirely is this tme, that after a print has been developed, washed, 
altered by a fixing solution, and washed again, after it has been dried 
and knocking about for months, the process of development may bo 
continued. When the imago has, therefore, once been formed in tins 
camera, or the pressure frame, all that is done further is to pour over 
them a mixture from which silver, in some form, is being very slowly 
precipitated, so that at the moment when the precipitate is being 
liberated from the solution it finds itself in contnct with tiro particle 
to winch it has a tendency to adhere, just as when chloride of silver 
is being- precipitated from the nitrate, the particles which are within 
each other's sphere of attraction, cohere to form n floeculent muss 
instead of going separately to the bottom. All that is necessary pre- 
vious to development is, that centres of attraction . shall lie 
formed bv the change which light has caused, having this affinity for 
the particles which ore to he precipitated upon thorn. What tiro the 
particles which are thrown down by the usual developers P Those 
developers are nitrate of silver mixed with either sulphate of iron, 
gallic add, or pyrogallic acid. 

When nitrate of silver and sulphate of iron are mixed in solution, tlm 
iron tffkes the oxygen of the silver and the silver is precipitated in tins 
metallic state. When gallic or pyrogallic noid is used, the precipitated 
siLver is found to bo combined with a small quantity of organic .mutter, 
which has not been examined. The image differs therefore in tlm 
three cases, but until a proper analysis has been made, wo cannot do 
more than point out the more truly metallic nature of the image 
formed when a. protosnlt of iron is employed, than when recourse is 
had to an organic deoxidizer. 

. .Both, chloride and iodide of silver have been extensively used for 
printing by development,; The sain? objection does not lie against 
the lodido, in this ipodoof producing pictures, that was found in sun- 
printmg. Though giving a very feeble direct print, it is found that 
tho incipient imago is more quickly formed, and the reason may bo 
easily drawn bom what has boon already remarked. A rearrange* 
mont of the elements, and n production of suboxklo sufficient to 
dovelope upon, is very speedily ofi'eolod, and that long before any 
impression is perceptible to tho eye, and when tho developer is 
applied, having a strong affinity for oxvgon, the atom of oxygon which 
prevented the lonnation of iodide without iodate is removed amt the 
development proceeds rapidly, but in the case of chloride, tho de- 
composition, because more complete, requires a stronger and more pro- 
longed action ol the light, and the image must bo quite visible before 
the development commences, - 

: ,Twp effects arc observed in printing by development on iodide of 
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silver which do not occur on the chloride, These are such a reversal 
of the usual manner of impression by the light that, on development, 
the precipitating silver is adherent on the parts which have had the 
least intense light upon thorn, instead of those which have boon most 
vividly illuminated. ; and the other is a reddening of tho image in the 
parts which have been struck by the highest lights. They are pro- 
bably, both of them, to be accounted for by changes produced in the 
sensitive surface, by light of ft certain intensity and duration, in 
which tho elements return to their unimpressed stat e, or some, element 
is actually eliminated. Tho iodide of silver with the. nitrate is 
subject, as has been shown in the paragraphs on sun-printing, to hover 
between two states, either of which it may be made to assume at 
pleasure. When aeted upon by light, iodatc, iodide, and subiodide 
of silver are formed, and nitric acid liberated, This liberation of 
nitric acid, against its nllinity for oxide of silver, must have a retard- 
ing effect upon the gradual change operated by light. That tho 
state of the substances after insolation is somewhat forced and strained 
when judged of by ordinary chemical affinities, is shown by the fact, 
that darkened iodide of silver, in the nbsouco of organic matter, will 
return to tho yellow form 5 and therefore, ns tho nitric acid increases ini 
quantity and* in power, with tho intensity and duration of tho illumi- 
nation, a time is likely to arrive when it would suddenly upset tho 
constrained relations of the pnvts, and reproduce tho original arrange- 
ment. In this ease, the most strongly lighted pnvts would receive 
little or no deposit in tho development. This view of the matter is 
confirmed by the oh'oumiStanco, that it is when n bath of nitrate of 
silver, contninining much nitric acid is used, and when little or no 
organic matter is proaent that this reversal takes place. It lias been 
produced and remedied many times successively, and with absolute 
uniformity, by alternately using a largo comparative quantity of nitric 
noid, and of noetic acid, nor is it observed except when pictures of a 
leaden metallic appearance are being developed, tho colour _ and 
, feebleness of which are indicative of nitric iioid and metallic silver, ' 
free from organic admixtures. It is also sometimes purposely 
produced by exposing the pluto for an instant to^ tho light at 
tho very commencement of tho development. This momentary 
exposurb perhaps acts just ns tho iutonsov light in the more exposed 
parts of tho imago, to which we have adverted. If this explanation 
bo correct, a true alternation ought to take place, in tho effect, sinco 
when tho particles are again placed in the status quo ante the 
further impaot of light would operate as ut first. Soinb experi- 
menters have said that this regular alternation of oll'cets really oeenrs, 
A similar phenomenon is observed whbn hydrochloric libid is subject- 
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ed to electric sparks : the hydrogen and chlorine nro separated until 
a certain point is reached, and. then another spark causes their instant 
and explosive recombination. The effect seen in the reddening of the 
skies of landscapes and of the strongest, lights in portraits may he 
the same tiling, prevented by organic matter from fully talcing effect, 
or more probably be only the consequence of move violent action 
upon the developer. 

These observations show that if the use of iodide of silver bo at- 
tended by the great advantage of sensitiveness, the sensitiveness is 
itself the cause of disadvantages which it requires skill to obviate. 
On chloride of silver the sun-printing and development may lie 
mixed in any proportion, and to the experimenter’s tusto without 
entailing any of these inconveniences. 

Space mil not allow any detailed explanation hero of the che- 
mistry of the fancy photographic processes, ay even of the number- 
less interesting photo •cliomical experiments on particular salts which 
have been recorded j they are briefly noted in their own places. 
The principles above laid down are the main clue to tho interpreta- 
tion of all. 

Ciiiar* oscuro ; (Italian, “ Cliiaro,” light, “ oscuro” dark). The 
light and shade of a picture is called “ chiar’ oscuro,” a term much 
used by artists. See “Breadth.” 

i China Clay. See “Kaolin.” 

* !p J ; • •'. .• . .I'.,,'- . ■ .\ , ... . . *. ; 

: i' AptD .! Ati acid fphlpodvby exposing noetic arid 

mid chlorine to light.v^Clilorme ;displ a co s hydrogen, until 0. II, 0,, 
11 0, becomes C, A C1. 3 0 3 , H 0, - 

' 4 :: i : • -J'-' i. p: ; . ■ . i : 

^ Chiorat^qp '^OTASSA.' K 0, Cl. 0 6 . This salt is used in 
the production of oxygen gas, which it gives off rondily when mixed 
with a small quantity ( of jbinoxide of manganese; its oxygon is tlm 
element which causes its use in the manufacture of lueilcr matches, 
and of those compounds which are intended lo burn with an 
intensely vivid light. It has been used as a first wash for paper, 
instead of a chloride. 

Cm, outdo. The compounds of other elements with chlorine nro 
either acids or chlorides. With oxygon and hydrogon it forms 
acids, with metals and other elements chlorides. The chlorides of 
turn alkalis and alkaline earths are used in photography not ns 
sensitive bodies, but us convenient salts for tho production of those 
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which arc. The chlorides which would ho especially likely to ho 
a fleeted by the light falling upon them, arc the compounds of silver, 
platinum, and metals not easily oxidi'/.cd ; mid also such metals ns 
iron, which have several oxides and chlorides, and combine in more 
complex forms than those whose affinities for oxygen and chlorine 
arc much stronger, and whose salts are much simpler, iron, lor 
instance, has four oxides and two chlorides, and the oxygen and 
chlorine appear to have the power of replacing each other m some 
cases. Their relations resemble those of organic compounds more 
nearly than those of many simpler inorganic, bodies, and would 
therefore appear to promise the production of compounds suitable 
* for the production of photographic images. Cobalt, copper, iron, 
and manganese are especially remarkable for these properties, mid 
many have been already found to be decomposed, or mourned, by 
light and organic bodies. Chlorine appears to have a greater iifiimly 
for most of the metals than oxygen, so that it is removed by heat 
and light with greater difficulty; and though chlorine at u high 
temperature decomposes moat of the oxides, and entirely disengages 
the oxygen, oxygon acts only on a very low chlorides, principally ot 
the class which has been spoken of ns forming. complex arrange- 
ments, Ivon seems to be nearly balanced between chlorine and 
oxygen, for sosquioxidc of iron dissolves in hydrochloric acid to form 
scsquichloride of iron and water; but tho scsquiehloriue, ovnwnutod 
and exposed to tho action of the air, again lorms sesuiuoxido and 
hydrochloric acid. There can scarcely bo a doubt that tin? last action 
would bo accelerated by light. Water is decomposed at ordinary 
temperatures by the porchloridcs of manganese, chromium, eoliuu- 
bium, and tungsten, aud by tho chloride of arsenic : hydrochloric*, 
acid and a metallic acid are tho results. Chloride oi tungsten is 
decomposed by it, with tho disengagement ol hydrochloric acid, and 
the precipitate of oxide of tungsten of a violet color. _ Water also 
acts upon the chlorides of antimony, bismuth, aud tellurium, decom- 
posing them into oxychlorides which arc insoluble, and chlorides 
soluble in tho atoms of hydrochloric acid formed. In the miction 
of water upon the subcldo’ride of tellurium some of the metal is even 
reduced to the metallic state. The chlorides ol silver, platinum, gold, 
&c., are believed to bo nil decomposable by water and light, more or 
less easily. Some that do not appear to form hydrochloric acid 
with water, as the bichloride of mercury, do so in the light in ether, 
or other solvents. Tho alkaline and earthy chlorides, whoso con- 
necting affinity is stronger, do not appear to bo oxidized or 
reduced by water, in which they nro very soluble ; but chloride ot 
sodium and others will speedily give odour in tho light to alcohol 
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lime. On this account it is employed freshly fused to doprivo gases 
of aqueous vapour, mid ns a means of depriving other and alcohol 
of water. It is copiously soluble in alcohol : ten parts of anhydrous 
alcohol S. G. 794 dissolve seven of the cliloride, and the solution 
in cold weather affords crystals containing 60 per cent, of alcohol, 
instead of water of crystallization. It may be conveniently used in 
testing comparatively two samples of collodion for water, by dissolving 
0 or 8 grains, while hot ofter fusing, in a drachm of the plain, or in 
half a drachm of iodized collodion. As often sold it is in the 
form of the hydrate, and, when warm, dissolves in its contained 
water : this must be boiled away, and the dry salt then fused. When 
•» employed on printing paper it gives a very red picture : the nitrate 
of lime formed is deliquescent, and may prove injurious if the paper 
be long kept. Nowly-mado anhydrous chloride of calcium is phos- 
phorescent/ It is often present in common suit, and then makes it 
very moist. It must not be confounded with chloride of lime, 
which contains oxygen ns well ns chlorine, 

Ciii.ouidu op Coppjjit, There arc two chlorides of copper, a 
• subchlorido Cu. 3 Cl, and a chloride Cu. Cl, ; the latter is the salt 
generally employed. When copper wire is twisted into a spiral 
form, made hot, and plunged into a vessel of chlorine, it burns like 
iron in oxygen, though with less intensity : thick vapours of the 
cliloride are formed, .which arc every now mid then rifted by sparks 
of vivid llamo. It parts readily with half its chlorine, and has been 
on this account added to hyposulphite of soda to produce toning 
properties, which it docs in the same manner ns free iodine ; also to 
assist iodide of potassium in bleaching papers which lmvo been pre- 
pared with the sensitivo silver salts and darkened by the sun j and 
in giving chlorine to silver plates immersed in its solution, witli a 
view to form a coating of violet subchloride of silver that shall give 
the colours of the spectrum, 

Ciilohide op Gold. There are two chlorides of gold, viz., Au> 
Cl. and An. Cl. 8 : the former Is prepared by healing the latter to 
the temperature of inciting tin, till no more chlorine is evolved, and 
is decomposed by water into the latter and metallic gold. TJio 
second of these two only is soluble, mid is the suit generally called 
tho chloride of gold. Gold unites directly with chlorino, and it also 
dissolves in an aqueous solution of chlorine. Gold cannot decompose 
iiydrocldorio acid, cither dry or in solution, beenuso the attraction 
oV chlorino for hydrogen is greater than for gold. It can liberate 
the hydrogen in neither enso.; but if nilrio acid be also present in 
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the solution, then the hydrogen, instead of escaping, forms water 
with the oxygen of the nitric acid and disengages N 0 3 , which is 
held by a much more feeble force than the hydrogen of either hydro- 
chloric acid or water. The attraction of chlorine for gold is 
stronger than that of N 0 3 for 0 3 . But the affinity of chlorine for 
gold is not great, and hence it is easily driven off by neat. It is also 
reduced to the metallic state by protosulplmte of iron, and by gallic, 
acetic, citric, oxalic, and other acids which tnlco oxygen, mid then 
forms hydrochloric acid from the elements of water. When neutral, 
the compound and its solution arc red; but if hydrochloric acid be 
present, yellow. It is of important use in photography : in the art 
it is constantly made use of for toning the red newly-fixed images, 
for making the sel d’or, or double hyposulphite of gold and soda, 
for gilding daguerreotypes, and even' in chloridizing collodion, and, 
mixed with other chlorides, in preparing papers for the printing 
frame. It has been further applied to the reduction in strength of 
over-printed positives, and to the restoration of those which have 
faded. Solution of chlorine, or any easily decomposed chloride, as 
the perchloride of copper, or bichloride of mercury, will mlncn a 
print, when quite bronzed, to a reasonable condition as well us the 
chloride of gold. To revive a print, immerse it in a hath composed 
of 40 grains of the chloride to a pint of \yntor rendered slightly acid 
with hydrochloric acid : in the light of the sun a few minutes are 
sufficient, but in the dark threo or four hours are necessary to com- 
plete the restoration, when the print must bo fixed again with Iri sh 
hyposulphite. Tho other uses are explained elsewhere. It is brat 
kept in solution. To mako it, place a half-sovereign in a vessel 
containing nitro-hydroehlovio acid and' digest with a gentle heat: 
add fresh aqua regia when notion has censed if it bo not entirely dis- 
solved. The solution will contain chloride of gold and chloride of 
copper, nnd jfree acid : add, therefore, carbonate of soda enough to 
neutralize the acid and precipitate n green salt of copper, which may 
be left till the next day to settle. The solution will contain about 
85 grains of chloride of gold, and if ronclorod slightly acid, and 
made up to 85 il. drachms, will bo stablo, and onoh drachm will 
represent a grain of the chloride. 

Chloride of gold is a photo-sensitive salt: a picco of paper 
moistened with it and exposed to light becomes purple in conse- 
quence of its decomposition. Tho oxides of gold am more or less 
purple, and the finely divided metnllio gold reddish brown : tho 
chloride of gold would, therefore, appear to bo reduced to an oxide, 
An. Cl,* + 3 11 0 ■= An. 0 + 3 11 Cl. This oxide has not tho 
•instability of the teroxide in the light. Pictures toned with gold 



CHI 


90 


in the form of tcroxicle have been known to become redder in time 
owing to the reduction of the gold to the state of pure metal. 
Tim tcrchloride of gold is the basis of the chrysotype process, but 
it is merely a developer in this case. A pcrsalt of iron in the pores 
of the paper is reduced, by light, to the state of protosnlt in tin; 
sunned portions, nrnl upon this, by the reducing power of the iron 
itself, gold is precipitated in the metallic state, or silver if nitrate, 
of silver be brushed over the paper instend of tcrchloride . If chlo- 
ride of gold and chloride of barium nvo both in the paper when llm 
exposure takes place, then instead of the gold appearing- in the purple 
colour of the oxide, the first elfect is to remove the slight pinkey or 
' yollowish colour of the gold salt entirely and then slowly and feebly 
darken it. But before any decidedly visible imago is formed If 
the paper be immersed in water, the picture is rapidly developed to 
a full purplo brown. Hot steam has the snmo effect as water mid 
is more energetic. The following fo probably the rationale of this 
interesting change which has not hitherto been explained. Chlo- 
ride of gold (Au. Cl.g), forms with chloride of barium, ammonium, 
&c., double salts containing an atom of each, and which crystallize in 
a regular manner with four or five atoms of water. The gold cannot 
be precipitated by alkalis from the solutions of these salts : and in 
this and their constitution they resemble the double salts of citrate 
of iron and citrate of ammonia and the like, such ns the. potassio- 
tartrate of iron, the nmmonio-oxaloto of iron and many others. 
When these double salts of iron nro exposed to light the oxygen 
and carbon of the organic acid are so excited — See “ Chemistry of 
Photography, that carbonic acid is formed and escapes, and uh n 
consequence the salt is reduced to the state of protoxide. Similarly 
when the double chloride of gold and barium is solarized, hydro- 
chloric acid escapes and the gold is reduced to tho stnto of proto- 
chloride. But protoohlorido of gold, though permanent when dry, 
is quickly resolved by water, and especially by hot water into 
metallic gold and pevchloride. Tho first whitening effect observed 
is the formation of tho pvotocloride and the subsequent darkening 
is the commencement of tho resolution of tlic doublo compound by 
tho action of the atmosphere. Similar effects occur with oxalato 
of ammonia, acetate of lend, bichromate of potash and iodido of 
of potassium with this chloride. 

Chloride of gold can be entirely separated in the neutral stato 
from tho acid solution by means of other, which dissolves it more 
readily than water. Tho hydrochloric acid remains with the water. 
This is a neat way of neutralizing it for tho preparation of toning 
baths. The salt is extremely deliquescent, and, therefore, cannot bo 
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conveniently kept dry : its solution in pure water, slightly acid, will 
not decompose, but an alcoltolio or ethereal solution might decom- 
pose in the light, if kept long, 

Chloride op Iron, What is usually called the chloride of 
iron is the scsquichloridc or perchloride (Wo. Q CL fl ), it is formed 
hy dissolving the peroxide (J?o. 3 0 3 ), in hydrochloric acid nnd 
evaporating to dryness. It is soluble in alcohol and ether, nnd 
deliquescent. The alcoholic solution is the tincture of the shops ; 
boiling alcohol dissolves its own weight. Added to hyposulphite 
of soda it produces sulphur compounds which impart good tones 
to photographs, but make them liable to fade ; it acts on _ the soda - 
compounds as free chlorine would, and loses chlorine. Mixed with 
iodide of potassium and spread over darkened chloride, paper, it 
bleaches out the dark impression in the light, die potassium giving 
iodine, and the iron chlorine, which combine with tlio reduced silver. 

Chloride op Lead. A white fusiblo compound crystallizing 
in needles from hot solutions, and in some respects resembling 
chloride of silver. It is insoluble in alcohol, but very soluble in 
hyposulphite of soda, in combination with which it makes a good 
toning bath for positives. Chloride of lead is obtained by digesting 
litharge in hot hydrochloric acid, 

Ciiloride op Lime. Blenching powder, soluble in ten parts of 
water and then called blenohing liquor. Formed by oxposing hydrate 
of lime to the vapours of chlorine. Similar compounds are pro- 
duced by substituting bromine or iodine for chlorine, mid they con- 
stitute the best form of accelerator for imparting bromine to the 
iodized daguerreotype plate. They contain caloium, oxygon, nnd 
chlorine or bromine, and are now generally supposed to bo hypo- 
chlorites, &c. Chloride of lime is thus represented ns On. Cl. 

-j- Ca. 0, 01. 0. The greatest attention must bo paid in forming 
these salts to keep down the temperature, or entirely dillerent und 
useless compounds will bo produced j these ovon form at common 
temperatures in the course of time. The carbonic acid of the air is 
quite strong enough to decompose them and evolve the hypochlovous 
acid, &c., which has powerful bleaching properties, ’Chloride of 
calcium contains no oxygen : the lime salt is solnolimos not entirely 
removed from paper after bleaching, 

. Chloride of Magnesium. Mg. Cl. This salt 'is of great use 
in the collodion process, when it is thought desirable to add n 
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chlorido ns well ns m iodide to tho iodizing solution, for it is 
soluble in twice its weight of alcohol Its effect is to increase tlie 
density of negatives, and prevent solaraation of the skies ; it is also 
useful in tho dry process, for increasing the sensitiveness of the 
plates by rendering the perfect removal of the free nitrate of silver 
unnecessary. In printing transparent collodion positives upon glass, 
it increases the density and vigour of the blacks, and improves the 
tone of the picture, The nitrate of magnesia formed in the N.S. 
bath is an acid salt, with an effect resembling that of free nitric 

Chloride of magnesium is extremely deliquescent. _ It is obtained 
by passing hydrochloric acid over red-hot magnesia. Sen-water 
contains about one-fifth part as much of it ns of chlorido of sodium. 

Chloride or Mercury. Hg. Cl. Calomel. When 100 is taken 
ns tho atomic weight of mercury, this salt is a subchlorido or 
dichlorido, since it takes two equivalents of 100 each to form with 
one equivalent of chlorine (86), one equivalent of tho chlorido 236 ; 
but when 200 is taken ns the atomic number of mercury, thou tins 
salt is called the chloride. Tho opinion of chemists in general is, 
that 100 should be taken ns tho equivalent number of mercury, and, 
if so, calomel will be a subchloricle, though in commerce it is still 
called tho chloride, and corrosive sublimato tho bichloride. Calomel 
is insoluble j like tho subchlorido of silver it is resolved by solvents 
(hydrochloric acid) into metal and a higher chloride : it phosphoresces 
when scratched. It is decomposed by alkali, and ammonia, and black 
auboxido is ono of tho results. This black suboxide is wlmt is 
formed when photographs are whitened by bichloride of mercury, 
and tho produced chloride of silver and chloride of mercury arc 
noted upon by ammonia, The bichloride of mercury is soluble in 
18 parts of water at 60°, and in 3 of hot water, in 2 parts of 
alcohol and in 8 of other, also in its own weight of hydrochloric 
acid. By parts, are intended parts by weight, See " Bichloride 
of Mercury.” 

Chloride or Nickel. P armed by dissolving nickel or its 
oxide in hydrochloric acid, and heating llic salt to redness. Soluble 
in hot water. 

Chlouide of Platinum. Tho chlorido of platinum usually 
spoken of is a bichloride (Pt. Cl.«) easily soluble in water, other, 
or alcohol. The protochloride (Ft. 01.) is insoluble like tho cor- 
responding salt- of gold, ‘When the biohlorido of- platinum is mixed 
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with lime water, or solution of carbonate of. soda, and exposed to 
light, a white precipitate is caused in the lime water, and a red 
precipitate in the soda solution, The white powder 1ms been deter- 
mined by Weiss and Dobereiner to bo a hydrated compound or 
chloride of calcium with lime and peroxide of platinum, having the 
formula Ga. Cl. + Ga. 0, 2 Pt. 0 3 + 7 II 0 ; and the red 
crystalline precipitate to be Na. 0, 3 Pt. 0 2 , 6 II 0, [ hose two 
compounds are sufficiently complex and might seem to indicate a 
very intricate reaction when the solar rays fall upon tire mixture. It 
will be found, however, on examination that the increase oi attrac- 
tion of chlorine for hydrogen in the light will account for the change 
in a very simple manner, thus : — 

2 Ga. 0 4- 2 Pt. 01.« + 10 II 0 = Ga. Cl., Ca. 0, 

2 Pt. 0 2 , + 7 Ii 0 + S II 01. 
and 

Na. 0 0 0 3 4- 3 Pt. C1. 2 -f- 12 Ii 0 = Na. O, 3 Pt. 0 3 , 

+ 8H0+6H01.+ C0 3 , . 

from which formula* it will be seen that in both coses hydrochloric 
ncicl is formed, and that the platinum becomes oxido instead ol 
chloride. The light does not appear to have the power of causing 
water alone to decompose chloride of platinum as it docs chloride 
of silver, but when other substances are present which have an 
affinity for oxido of platinum, and, therefore, may bo supposed to 
exert some force in its formation, then the decomposition by light 
will take place. Paper has the power of slightly decomposing 
cldoride of platinum in the light, for with some days’, exposure, the 
effect is visible. In-one of Sir John Hersohel’s experiments neutral 
bichlorido of platinum was exposed to tho sun and brushed over 
afterwards in'' the dark with nitrate of silver. Tho picture was 
weeks before it began to developo, but still it developed in all its 
details. It has been used as a toning agent both before, fixing and 
also in the toning bath, just as chloride of gold, but it is not so 
energetic, and the tone is less pleasing. 


Chloride op Potassium, K 01. = 78. This dissolves in 8 
parts of water at 60°, but is insoluble in alcohol. This salt is a 
residue in. several chemical processes and is / often present, as an im- 
purity in the iodides and bromides of the ipOlal.s, and in nit.ro as 
occurring in commerce. In preparing papers .it isr not much used, 
though the nitrate of potassa formed in sensitizing, jwould not bo so 
likely to damp the paper and spoil it when kopt^: dg'Mttato of soda. 

Chloride op Silver, Ag. 01 — 144-. Ponned bjnpreoipitation 



discoloured in vacuo when bitumen and other organic mitUrra 
which in the air are decomposed by light remained intact, but it 
feet vacuum is not attainable, and chloride of silver is much im» 
sensitive than bitumen. When presented to light under fiiilplmrv' 
neid in a stopped bottle, quite full, no change takes place ; ami Iffiis 
the neid, as such, does not prevent its discolouration is proved by 
the fact, that the change goes on if the stopper of the bottle hr re- 
moved so that air can reach the surface of the acid. If air, or mois- 
ture rather, can act on the chloride through the sulphuric acid wr music 
well suppose it can in an imperfect vacuum. Chloride of silver mb 
thus be reduced by light even under strong nitric acid. It hn» 
given as a proof that it is directly decomposed, that it blackens when 
carefully freed from moisture and exposed under benzole in it tnW 
from which the air is expelled by boiling the benzole. Hut bruwjln 
contains hydrogen, and is very much inclined to unite with chlorine 
this only shows that if the benzole were pure the chloride can 1 w tier* , 
posed without being oxidized •. and that it is not oxidized in i hew 
experiments is also show by the accumulation of oxygen, nUn* 
the water, in the bottles in which they are conducted. Pure innlnM 
chloride of silver appears therefore to be not decomposable by li&dit < 
and the presence of hydrogen, or a body having affinity fur H'lmim*. 
seems essential to its decomposition. The park of the n]Mvlriim 
which acts on chloride of silver includes tho rays from the green 
words the violet, to a space quite beyond the visible spectrum ■ iW 
portion from the green to the extremity of the red, collected |«» « 
focus so bright that the eye can scarcely endure it will not diwt.lmii? 
chloride of silver exposed to it for hours. The point of lunxiwm. 
effect is oven beyond tlio violet end. Thom , the power which is 
possesses of displacing and setting free oxygen from hydrogen H 
suffers a loss of chlorine in the light, but there is no commjtomlbig 
liberation of iodine and bromine from their silver salts in mum#* 
quonce of their having weaker affinities than oxygon : hour* iW 
chloride gives the stronger image in tho light. But the nelunl tibrf * 
ration of the oxygen requires a stronger and moro prolonged mimrn 
of light on the part of the chlorine than is necessary to clinuje* 1 tW 
iodide and bromide, for these change colour and darken alight h 
though they lose no iodine or chlorine, and sot free no 
They enter into new combinations, merely, and hcnco ore umwp 
quickly altered than the chloride, and give n picture, by dovelojiti«ti^ a 
with less insolation. 

Though a picture is produced by light on chloride of ailvrr, ts<* 
chloride remains in the fixed image, and thcroforo the same rv •»?«. 
can bo obtained by using other silver salts: it is only useful »<•« 
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the solubility of salt, viz. that it is as soluble in cqld water ns in 
hot: it requires three parts of water to one of salt. Half an ounce 
only is taken up by 100 ounces by weight, of alcohol, of S. G. 88<l, 
so that n very small quantity only could remain in solution in collo- 
dion, since it is still less soluble in ether and that part would bo liablo 
to precipitation in the setting of the film. 

Chloride op Strontium. Sr. Cl. = 80. Obtained by dis- 
solving carbonate of stronlia in hydrochloric acid diluted, evapo- 
rating to dryness, and fusing the residue. If dissolved and crystal- 
lized/ the crystals contain six. atoms of water, and the equivalent 
will he'IS'l. This salt is readily soluble in alcohol and in twice its 
weight of water: the crystals dcliquesco. 

Chloride op Tin. The protochloride of tin, Sn. Cl. is sold in 
commerce under the name of salt of tin : it strongly attracts oxygen, 
anil, therefore, reduces many metallic solutions : on this account it 
has been recommended as an accelerator. It is partly decomposed 
by n large quantity of water, with the deposition of an oxyohlorido 
and the formation of free hydrochloric acid: unless this acid is 
present it quickly becomes turbid: Iho acid solution is a powerful 
deoxidizer. Chloride of tin is extensively used as n mordant in 
dyeing. 

Chloride of. Zinc. Zn. Cl. = 68, or, as produced by evapo- 
rating its solution, Zn. Cl. II O = 77. It may bo formod by 
evaporating a solution of zinc in hydrochloric nciu to dryness, and 
heating the residue red-hot in a glass tube with a small aperture. 
The solution of 1 this salt is always aoid, and cannot bo neutralized 
till all the zinc is precipitated, ^inc has a very powerful n (Unity for 
chlorine. Its acidity is not in favour of’ its use photographically: 
it is soluble in its own weight of aloohol. 

Chlorine (xXwpoe, green), Chlorine is so called from its colour : 
it is a greenish yellow gas. It is the most powerful cleclro-negntivo 
clement, generally displacing oxygen. There are somo who still think 
it to be an oxygen compound, and, if so, bromine and iodine also. 
These bodies all seem to ho powerfully modiftod by solar light, and 
resemble each other in tlioir chemical properties* hut they are not 
nil generally considered to contain oxygon. To . . obtain olilormo, a 
mixltu'c of one part by weight of coarsely powdered black oxide of 
manganese, and two parts of common hydrochloric aokl maybe 
heated over a lamp in a glass retort: the evolved cldorino may bo 
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collected over worm water, ns cold water absorbs it. The qualities 
which distinguish chlorine in chemistry are its strong affinity for 
hydrogen and the metals, and its bleaching power t in photography, 
the increase of its usual affinities by the action of light. Its bleach- 
ing poivev is a consequence of its affinity for hydrogen, since, on 
coining in contact with colouring matter in the presence of moisture, 
it decomposes the water, especially in the light, and the nascent 
oxygen unites with the colouring matter to form a new and colour- 
less compound. In the same way it destroys organic substances in 
the atmosphere, carrying with them infectious disorders, mid is, 
therefore, used ns a disinfectant : hydrogenous gases and miasmata 
arc thus destroyed, as well as vegetable and animal dyes containing i 
hydrogen, and even tho colour of ink, which is formed by gallic acid, 
of which hydrogen is a component. Engravings which are produced 
With printers’ ink, a mixture of charcoal, vegetable dyes, and organic 
oils and resins, are not proof against the action of chlorine : even 
the carbon in such combinations may, by the joint action of light 
and this gas, be carried away ns ohloro-cnrbonio acid. Photographs 
nro particularly liable to bo thus attacked. Many substances are 
decomposed by chlorine with such violence as to cause combustion. 
Many organic substances appear to be capable of forming with 
chlorine as many different compounds ns they contain atoms of 
hydrogen, the hydrogen being displaced by chlorine by singlo atoms 
at a time, which go off as hydrochloric acid. 

. As has been said, the affinity of chlorine for hydrogen and carbon 
is much exalted by the sun’s rays, and organic bodies, unaffected by 
chlorine in the dark, nro often rapidly altered by it in the light, and 
sometimes the alteration takes place with explosive violence. Tho 
nature of tho effect produced on chlorine by light has not yet been 
determined : some suppose that it is rendered permanently nllotropic; 
others, that.au effect is produced upon it similar to the induction of 
electricity on insulated conductors in tho proximity of an electrified 
body, which state or offeet immediately ceases on tho withdrawal of 
the exciting force. But the investigations of move than one experi- 
menter seem to prove, that an offeet is produced upon chlorine in the 
light which docs not terminate with the exposure to light, but con- 
tinues in the dark, and the darkening which occurs in iodide gf 
silver, exposed with nitrate to tho sun, is only gradually removed 
when it is afterwards taken into a dark place. It has been said' by 
some ' that the light combines with , tho element to form '.a - definite 
compound, but this is not consistent with what is now generally 
admitted as to the nature of the phenomena, of light, and is_ not 
accordant with tho undulntory theory which is now. considered by 



most) philosophers to be established, The action on the elementary 
body is probably an induced polarity of some kind, winch continues 
for a longer or shorter period, even after the disappearance of the 
exciting force. 

Chlorine is the only body capable of dissolving gold and platinum, 
and is a move powerful body even than oxygen. It constitutes 
with oxygen, bromine, iodine, and iluorine, a natural group of very 
similar bodies, of which it is the most energetic. . tn^ testing lor 
cldorine in the free state, it is necessary to distinguish it from 
ozonized oxygen, which, being more active than ordinary oxygen, 
might, in some of its reactions, bo mistaken for it. 

At the temperature of 60° water dissolves twice its volume of 
chlorine, and more as the water is cooled : in this respect it resembles 
the binoxide of hydrogen, which gives oft; at high temperatures the 
oxygen winch it holds in solution. Chlorine water acts like chlorine 
itself, but is decomposed by sunshine, with the formation of hydro- 
chloric acid and liberation of oxygen. ;! 

Chloho-Buomides, &c. These 'and similar compounds are ] 

often mere mixtures of chlorine and bromine, or iodine, in combina- 
tion rntli water or lime, and used ns accelerators in the preparation 
of daguerreotype plates, 

Oiilotiopokm. A compound of chlovino and formyle, Formylo 
is a hypothetical hydrocarbon, C 3 II ; and chloroform is the ter- 
ohloride of it, 0 8 II Cl 8 . It is a heavy limpid lluid of 8. 0. 1*48, 
insoluble in water, but soluble in ether and alcohol, from which it is j 

thrown down by water. It dissolves camphor, wax, resins, gutta 
percha, and caoutchouc. Solution of gutta porcini in it has been 
used as a film on glass to receive collodion, intended to bo removed 
after the picture is taken, and also ns a means of removing the film 
after the operations are all finished. It is successfully applied in 
both these ways to support the collodion instead of glass when used . j 
to print from, and has also been recommended as a varnish to pro- 
tect photogrnpliic images in general. Added to collodion, it has 
been found sometimes to render it more fluid, tough, and contractile, 
and to remedy in part the want of half- tone often produced by old 
or impure ether ; but it must be pure when used for theso purposes, 
or it will be worse than nothing. It increases the density of llio 
linage slightly, but is not an accelerator. It is made by distilling a 
mixture of one pound of chloride of lime, three of water, and three 
ounces of alcohol. About three ounces of chloroform pass over. 
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Chromate of Mercury. 4 Ilg. 0, 8 Cr. 0 3 . This is a basic 
chromate, and becomes still more basic when exposed to the sun s 
rays : metallic mercury is at length formed. 

Chromate of Nickel. A reddish-brown powder and neutral 
is the chromate of protoxide of nickel : the acid chromate is soluble. 
It resembles the chromate of copper. 

Ciiromate of Potassa. IC 0 Cr. Oo. This is tho salt from 
which the other chromates mo all prepared. It is soluble in twice 
its weight of water, but not in alcohol. See " Bichromate of l’otasa. 

Chromate of Silver. Ag. 6, Cr. 0^, is precipitated of a 
crimson colour, when chromato of potnssn is added to nitrate ol 
silver. It is also formed more gradually by tho slow decomposition 
of bichromate of silver : the decomposition, of one-half of the acid 
is effected by boiling, or by exposure to air and light : tho neutral 
chromate forms then in dark green crystals. The sesquioxide formed 
remain in solution with the bichromates, Chromate of silver is 
decomposed by light and organic matter, with the production of 
metallic silver and oxide of chromium, and the organic mutter is 
oxidized. 

Chromatic Aberration. See " Aberration.” 

Chromic Aoid and Chromates. Chromic acid isatcroxido 
of chromium Cr. 0» : and resembles ferric acid Po, O a . Tho coin- 
pounds of iron and chromium are, indeed, generally so similar in 
their reactions, that wo might almost oxpoct them to act, photo- 
graphically, in the same manner. Chromic acid is more stable llum 
ferric, and peroxide of chromium than peroxide of iron : chromium, 
therefore, appears to have the strongor affinity for oxygen. Perrin 
acid is much move easily decomposed than chromic, though it is 
very difficult to keep either in the free state: the former, indeed, can- 
not be isolated, for it splits up into Pc.o 0 3 and 0. It is only in 
combination with very strong bases, such as potnssn, that it can 
exist. Chromic acid, on tho other baud, will form salts with a great 
number of bases, and, even, with such a weak basons Cr. 3 Q a : but 
these salts are more easily decomposed in proportion to tho weakness 
of the base : the acid then, like tho ferric, splits up into sesquioxide 
and oxygen. The strong bases generally will combine with either 
one or Wo equivalents of chromic acid, but the second equivalent is 
extremely liable to undergo the same change ns free acid. Chromic 



but, when a biehromatic solution is used, these »!»***•* ^ 

compounds are probably first formed. The first oiled i>f ligh* ^ 
them is to deepen the colour, because of the formal imi »T * lil ' 14 
oxide; but further action often blenches this colour, urn I 
likely, indicates tlie formation of a double salt, or of a »«h * 
of scsquioxide ns the acid in the place of chromic arid. TV ^ 
upon n developer is in both eases the samo in kind, and d' J ^ 
upon the developer used : with nitrate of silver, elnnnmi. ,/ m 
appears to he formed in the parts not changed by light, and ^ 
ing the original chromate, and with fcvrocynnide of pmuashV* 
pounds rcsemhling Prussian blue, but containing chromium. V 
' of iron, as tlie base. Chromic acid will destroy a plmtog< aj‘^ 41 
quickly than nitric. 

Chromium, A metal found in nature in the form of 
united, as the acid, to the protoxide of iron, as the W*w . tip®* 
colour). It is remarkable for forming coloured LDiu|w'm«»^ v!W "« 
lienee its name, 

CimoMATYPE. A name given to that class of phol^wV" 5 
compositions in which chromic acid is deoxidized ; the wmj**** 3 
of chromium does not appear to undergo reduction to ilw w* 49 * 
protoxide, and in this it differs from the pursuits o!' iron it* ^ 
The following are the modes adopted for getting photograph* 
chromium salts: — 

(«) Soak the paper in ft saturated solution of Itiehrom.®!^ 
ash, and dry it by rapid agitation in front of it brink fire 
light. It is now of ft bright yellow colour, but exposure *■$*# 
under a, negative, will produce a positive, by darkening ifcw «"*. §) 
parts to a deep oraugo colour. 'VVashing well in water 
unchanged yellow salt from the lights, but the reduced 
in the shadows remains combined with the paper, Tim \mpm *1 
be well Bized, or the bichromate will bo only feebly 

(£) Brush a sizing of starch very uniformly over the WW ®®' # 
then steep it in a weak alcoholic solution of iodine, nml if »w«* i 
ing of blue iodide of starch bo not uniform repeat, tin? MWWSi 
Steep it in bichromate and dry it as before. The print wilt I sa 
gative, even, from a negative, and positive front, a .pmdsl**"., W 
exposure and washing it is again steeped in thp aokithH* in 
which renders the mexposed parts of a dark violet colour, 

(c) To a saturated solution of bichromato of polftiem, assfe! m. 
rated solution of sulphate of nickel, in quantity more tivm m&h 
to decompose the whole of the bichromate, or 1 dvaoluu if IS * 1 



114 cm err 


When a solution of chloride of gold is' added, water is decomposed, 

> and metallic gold precipitated. The chlorine takes the hydrogen ot 
the water and forms muriatic acid, and the protosalt ot iron takes 
the oxygen and becomes oxidized to a persnlt. .1. lie precipitated 
gold forms the purple shadows of the photograph, the iodide ot 
potassium fixes the picture by converting any chloride of gold winch 
may remain in the paper into a soluble double loclido ot gold and 
potassium. 

Chicle op Least Confusion. See “ Local lines.” 

Citrate op Mercury. 8 Hg. 0, Ci. This salt is decomposed 
bv light in the presence of excess of nitrate of mercury, like the 
corresponding silver salt, but more slowly ; and pictures may lie 
developed upon it by the protosnlts of iron. Also when preci- 
pitated with iron from the protonitrato by nmmonio-tnrtrnto ol iron 
or other salts of the like composition, it darkens speedily and in- 
tensely. The citric acid has a feeble reducing power, and is pro- 
bably slowly oxidized into carbonic Reid and water. 

Citrate op Silver. 8 Ag. 0, Ci. + IT 0. This falls ns a shin- 
ing white powder on mixing citrate of soda with nitrate ot silver, 
and has been used ns the basis of a printing process, for tlm par- 
ticulars of which the reader is referred to the article on printing. 
Citrate of silver is insoluble in water, lnit soluble m ammonia, no 
doubt forming citrate of ammonia and ammoniacal oxulo of silver. 
When heated' to 218° in the presenco of hydvogon, part of tlio 
oxygen of the oxide of silver in the citrate, is converted into water 
by uniting with the hydrogen, and citrate of ^ tho suboxido of silver 
instead of citrate of the oxide remains. This has been represented 
as the change- which light also produces on this salt, but it is 
scareoly a satisfactory explanation. It appears move probable that 
the citric acid is also at the same time decomposed. If half of tho 
oxygen bo removed by light, it must either combine in its nascent 
state with some hydrogen or carbon in the atmosphere, or’it must 
be entirely sot free, or it must oxidize the citric noid or tho paper. 
It is easy to account for its being removed by hydrogen mul front 
to form water, but when it is separated from the, silver by light, 
it is combined, thcre.can bo little doubt, with the .organic matter 
present, and the reduction is due to tho. joint action of tho cilrio 
acid and light. Citric acid anfl the other vegetable acids, all par- 
■ take in a greater or less degree of tho qualities of gallic and pyro- 
gallic, and are onpnblc of being entirely oxidized into carbonic acid 
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and water, Heat increases this tendency to oxidation liy inrn m<« 
ing tho affinity of carbon and liydvogen for oxygen or" ild-mu-, 
and light- does the some. Citric acid will reduce the elilmi.i.- *,f 
gold to tho metallic state, and combine with the chlorine, iiikI wto,, 
subjected to heat it undergoes changes analogous to the nimn.ti.ii 
of gnllio into pyrognllie. Tho decomposition takes plan*. gru* 
dually, tmdby stages, for citric acid in its oxidation is mpuM.- i.f 
forming a variety of other organic compounds, and the »U\. r 
reduced more and more nearly to the metallic state. The teuil'iuv 
of citrate of silver to be decomposed in this manner is fllmuii l»v 
tho action of heat upon it. Tho affinity of the carbon mid liydn.^' ii 
for the oxygen of tho silver is increased, by heat, so much tlml win n 
the salt comes into contact with an incandescent body a kind i.»f 
explosion takes place, and carbon and metallic silver alone munin, 
Many other organic salts of silver comport themselves after llm 
anme fashion. It seems natural to conclude that wind tak» * 
hero, almost instantaneously, is effected by light, according i<> it* 
usual mode of acting on organio substances, viz., by a m-rim t»f 
gradual and progressive substitutions. The grndimrnppmarli to 
the metallic state, in prints taken oil citrate of silver, is proved by 
tho difference observed in tho reaction of nitrio acid, unnminin. anil 
hyposulphite of soda upon it in the different stages, by the growing 
indifference to oxidizing compounds, the greater permanence of the 
inoro reduced parts, tho greater facility of amalgamating with 
mercury, and tho bronzing or metnllio appearance of Ilia ptrnu^ly 
sunned, portions! Tho colour also changes from tho rnl wliirh i* 
indicative of organic matter to blue, which is ehnviii’terialto of 
motnllic silver. No such alteration of properties npptiiux to attend 
tho reduction of pure chloride; it never bronzes, and appears lo lw 
resolved at all stages of tho exposure to light into chloride of «ilver 
nnd puro metal. The less citrate of silver prints have boon pxpn-aed 
to light tho more organic matter -will continue in combination with 
tho silver, tmd tho moro liable will they be to suilbv deterioration by 
the notion of olomonts for which the organic matter has affinity i 
tho colour is a measure of this liability with tho same prqHirn lions. 
When ammonia-nitrate is used with the citrate, the image In bluer 
nml moro metallic than with plain nitrate, because alkalis hicwiw©* 
the affinity of vegetable acids for oxygon, as is scon in lliaiatxfcure 
of ammonia and pyrognllie acid. The decomposed oitrifl (Salt Is 
more or less acid to the organic compounds of silver which arc 
precipitated by tho usual developers, nnd, therefore, illtrncU tlifiin i 
nnd as the silver which falls from the mote powerful developers is 
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more completely reduced than that which citric acid deoxidizes, tho- 
developed prints are more permanent than the sun prints. 

Citrate op Silver Printing Processes. These processes 
only differ from the other printing processes in the composition^ of 
the salting bath, in which citrate of soda is substituted for a- portion 
of the salt. The exact proportions will depend upon the kind of 
effect which it is desired to produce.. The effect of adding citrate of 
soda to the salting bath is as follows : — 

When a paper containing citrate of soda is floated upon fv bath of 
nitrate of silver,, a double decomposition takes place, nitrate of soda 
and citrate of silver, together with excess of nitrate of silvor being 
produced. Now citrate of silver is sensitive to; light, and is dark-, 
eued to a red citrate of the suboxide of silver by exposure to light.. 
This organic subsnlt of silver is very energetic in producing tho 
various photographic effects due to organic matter in . combination 
with silver.. It reddens the tint of the proof, and renders it move 
vigorous qjitlie surface, and less liable to assume a cold inky tint ■ 
when toned- with sel d’or. But at the same tune it rendovs the 
paperless sensitive, a fault winch is of no consequence when the 
light is goad. On the whole, therefore, the use of citrate of silver 
in the printing processes may be considered an improvement, when 
it. is required to- produco a certain, class of effects, 

Cmio Aoi», This acid is gradually formed in lemons and other 
fruits, by the oxygen of the air acting on the mucilages which nyo 
found in the fruits in their less matured condition ; just ns Immin 
is converted into galiio noid by the same means. Tl is precipitated 
by chalk as citrate of lime, and liberated afterwards by a stronger 
acid. A gallon of lemon jnieo gives 8 ounces; of citric acid, and at 
times move. A drnelim of lemon juice is, therefore, equivalent to 
about 3 grains of the aoid, and, when, lemon juico is substituted lor 
the vegetable acidly this? proportion should be remembered. As i t 
contains more oxygen in proportion to its carbon and hydrogen 
than acetic acid it is a, much stronger aoidy but weaker than tartaric 
acid. Anhydrous oiferio acid, suolv ns it*; exists in citrate^ of silver 
is C 12 , II 6 O u =.Ci, sip 166, but tho ordinary, ovystala "contain 4 
atoms of water,, and ore = 201. Other, crystals' with moro and 
less water may- be formed, Tho usual crystals are soluble in less 
than their weight of water,, and are soluble in alcohol, but not in 
ether. The dilute aqueous, solution, like gallic:; 1 and; Othor aokls, 
soon, becomes mouldy. It unites with three atoms of base to form 
citrates : sometimes the place of one or two of these atoms of base 



is supplied by water, It cannot exist without an atom of water, 
and when this water is taken from it, it is resolved into aconitic 
acicl and hydrated citric or other compounds, or even into oxalic 
and acetic acids. It is used as acetic acid in photography, and 
also as a test of iodate of potassa in iodide of potassium, and to 
form citrate of soda with the bicarbonate of that alkali for the 
first preparation of printing papers. Papers soaked in a solution 
of one part citric acid to 10 water will have the particles of metal 
which are often so annoying, removed ns soluble ammonio-citrates 
•if they are afterwards put into dilute ammonia of SO parts water to 
■ one part liquid ammonia. This noid is a weak deoxidizer : boiled 
with a solution of chloride of gold it removes the chlorine without 
giving off gns 5 chlorocnrbonic acid is probably formed, for citric 
acid may be regarded ns a compound of oxalic and acetic acids, 
and water ; and oxalio acid C' 3 0 3 , as a compound of carbonic acicl 
0 O g , and carbonic oxide C 0 ; and euvbonio oxide in the light 
.unites with chlorine to form ehlorocarbonic acid. 

Cleansing. The cleansing of bottles, papers, stirrers, and ap- 
paratus in general, is a matter of ossontinl importance in many 
photographical operations; and the great rule must bo to clean 
immediately after uso, when purity is obtained with much more cer- 
tainty and much loss labour. All dirty glasses, &o., should be im- 
mediately put in a particular place and attended to at the first leisure 
moment. The following directions will bo found useful 

(a) To clean Albumen from Glass Plates, Uso a solution of caustic 
potash, or ammonia, for albumen is solublo in alkaline solutions ; 
then wash with water; and lastly, with dilute nitric acid and plenty 
of water. 

(b) Collodion Pottles, Leave the stopper out until the ether and 
alcohol have evaporated, and the film is hard and horny, when it 
will be easily removed without any adhering to the glass by moans 
of cold water and a bottle brush. Drum and rinse out with a little 
alcohol. 

(e) Developing Measures and Trays, Wash well with tow or a 
rng and common water, then with a littlo strong nitric acid if the 
black precipitate lias dried in the vessel. The noid should remain 
some time in contact with the blackened parts, ovon after :they 
appear clean : lastly, plenty of water and a clean dry olotlivS y-f • • 

{d) Gallic Acid and Qallo-NUrale. Bottles in wludh gallio acid 
lias been allowed to become discoloured or mouldy require the use 
of nitric noid, which decomposes most organic lUnttors, bol'oro thoy 
•arc lit to recoivo solutions di other compounds,. 
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strong caustic potash or sulphuric acid; rub the glass well, mul 
after a few minutes the resin &c., will wash off with water, and the 
glass may be cleaned in the ordinary way. Wood spirit is a clean 
solvent of these substances. 

(k) Spots of over -development in Photographs. The solution given 
above for nitrate of silver stains has been found to answer, but it 
requires cave in using, » 

1 (l) Sulphate of Iron Stains, and Iron Moulds, and Ink Stains. To 

remove these from linen make use of a solution of oxalic acid, and 
from glass vessels hydrochloric. 

(m) Sulphur et of Silver Mims in IIvpQ-lottles. Itcinove nil that can 
bo rubbed ofl' with tow imd water and then use nitric acid which will 
form nitrate of silver : finish with plenty of water. 

(11) Turpentine. Strong alkali and tow will soon soften it so that 
it will lie moveable by water, or perhaps better, sulphuric acid, which 
will decompose it. 

(o) Varnishes and Varnished Collodion Pictures. Those nvo all 
easily removed by wood spirit even if asphalt or brunswiok black lias 
boon applied : or, if time bo not pressing, lot them soak for some day a 
in water, when the varnish will peel oft*. 

(p) Yellow lights in Photographs. A very weak solution ofbi* 
chloride of mercury will speedily remove the yellow appearance after 
the hyposulphite of sock is entirely gone, but the prints must be 
removed immediately on the effect taking place or the picture will 
bo attacked., 

Oj/kauness. This quality in a photograph implies the absentia 
of any action except what is induced by the impact of light, the 
exact amount of exposure, both ns to the intensity of tho light and the 
duration of its action, the exclusion of all light except that rollootod 
by the object which is photographed, perfect optical arrangement so 
that the imago is sharp and evenly illuminated, a uniformly sensitive 
surface to receive the impression, tho arrangement of light so that 
tho illuminated objoct to bo taken appears perfectly modelled, and 
clean, uniform and smart manipulation. Tho things to avoid are 
dirty plates, impure chemicals, too weak or too strong solutions, or 
those of unknown or inconstant strength, too much heal or cold, bad 
water, dirty hands or frames, and unolcnn vessels which cause action 
independent of the light ; lenses with foci not coincident or with no 
sharp focus, and of too short focus, mul cameras shaky or not light 
tight, or not adjusted to tho focussing glass, or open in front to rays 
from any objects beside tho one to Ire photographed, or deficient m 
means of absorbing tho light scattered by tho louses or the mounting, 
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cyanogen, and forms compounds, which like the ferrooyanidcs arc 
decomposed by light. ■ 

. Coincidence of Toci. See ' 1 Lena.” 

Collodion. This viscid solution is one of the most generally 
used articles in photogenic operations, mid is remarkable as the basis 
of processes of extreme sensitiveness, mid giving pictures surpassing 
all others for generally good qualities. It is a solution of pyroxyline 
•in ether ami alcohol, ‘holding also in solution a certain quantity of 
some soluble iodide, bromide, or chloride, or a mixture of them. 
■Tho principal points to bo attended to in its manufacture have now 
been determined by long experience and many trials. There are 
two chemical compounds known by tho name of pyroxyline, one in 
which the vegetable llbro operated upon increases in weight about 
75 per cent., and a second whore the increase is only about 50 per 
cent. Tho first is insolublo in other and alcohol, and not used by 
photographers. The second is the soluble compound, and .upon its 
preparation very much depends. Though chemically tho same it 
varies in its properties, and modifies the physical and chemical 
character of the collodion according to the mode in which it 1ms 
been made. Tho physical characters which vary are the fluidity, 
smoothness, contractility, adhesiveness, softness, porosity, cohesion, 
strength, and transparency of the film formed when the collodion is 
poured on a glass ; tho chemical characteristics of the collodion, 
which are liable to variation with the pyroxyline, nro sensitiveness to 
light, and the density and colour of the image. As to the film, 
fluidity, 'smoothness, softness, porosity, and adhesiveness go together } 
and likewise . glutinosity, coarse cellular structure, horninoss, imper- 
meability to fluids, contractility, and want of adhesiveness go 
together : and as to tho ohomical qualities, greater sensitiveness to 
feeble lights characterizes one kind of pyroxyline and the power of 
giving dense images another. Two circumstances are favourable to 
the production of good physicnl qualities, viz., a certain dilution of 
the acids employed and a comparatively high temperature, and tho 
.chemical qualities depend upon the temperature only. When tho 
most concentrated acids are used insolublo pyroxyline is produced : 
when the least degree of dilution is formed which, with 100° ! of 
temperature, gives the soluble pyroxyline, tho collodion has the bad 
qualities of glutinosity, coarse structure, &c., but by ^gradually in- 
creasing tho amount of water, added to dilute the acids, ; the good 
qualities grow in degree until a limit is reached where tho film in 
setting bccomos short, powdery, and milk white, and partially dis- 


solves in the acids : by stopping n little short of this, and increasing 
the temperature from ISO 1 * towards 170°, the physical qualities 
undergo still further improvement until a limit is also reached in 
this direction, when the fibre employed again dissolves in the acid. 
A.s to the ohemical qualities, when the best physical qualities arc 
obtained that acids at ISO 0 will giro, it is found that the sensitized 
film is very quick, but the chemical action is confined to the silver 
salts, so that the image is weak blue and motnUicj the collodion 
itself is then a kind of organic matter extremely inert and does not 
combine in any marked degree with the reduced metal, or take part 
in the reduction. But if the temperature bo raised towards 170° 
the case is different ; the collodion exerts a decided chemical in- 
fluence in the reduotion of the silver salts, and behaves in the same 
manner ns albumen, citric acid &c., in sun-printing. The image is at 
fii'st red, and is capable of becoming very intense and opaque ; it is 
mop soluble than before in cyanide of potassium, and in ovevy re- 
action shows that the silver is now combined with organic matter. 
If, therefore, collodion ho required for “ positives/’ we select that kind 
of pyroxylino which gives a collodion with the best physical qualities, 
but organically inert, for by that means wo get a more metallic and 
brighter tone, and the image being less dense is better modelled and 
rounded. If negatives are desired we use the pyroxylino made with 
a higher temperature. 

Why does the high temperature rendor tlio collodion more apt to 
tnko part in tho reduction of the silver, and to combine with it P 
Cotton libro is nearly pure lignin, and the tendency of acids is to 
eause lignin to pass successively into starch, gum, sugar, glucose, 
sacoharid, and other acids, which have each a greater reducing power 
than the proooiling member of : tho series, though they resemble each 
other extremely in their ultimate composition. Heat favours this 
potion of aoicls upon those organic substances, and tho probability 
is, that wlion vegetable fibre is submitted to a comparatively high 
tompemtnro in the making of pyroxylino, somo change of tills kind 
may ( take place, iiim greater 6i? loss degree at the same time that tho 
lignin is changed by tho noid ns before. 1'he acid wo may suppose 
first changes the fibre into an isomeric body* more analogous to gum, 
for lignin nnd gum aye both represented by; ■% Hgo O 20 , and then 
the further substitution of NO, p for a certain number of atoms of 
hydrogen, completes the obatige into'; pyroxylino. This view is 
confirmed by an experiment, in which a remarkable collodion was 
produced very fluid, with 80 grains of pyroxylino to the ounco of 
mixed other and alcohol. Swedish filtering paper was allowed to lie 
half a minute in a mixture of equal, volumes of sulphuric acid and 
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water, until parchmenfcizcd, and then used, as had been previously 
done, by Mr. Hardwich, for conversion into pyroxylinc : the weakest 
acids, and the highest temperature wero resorted to, that it was pos- 
sible to try. The parchment dissolved for the greater part, but 
after 2 minutes immersion, the acid, the vessel, mid all were plunged 
into water. Scraps of yellow looking parchment were collected, 
washed and dried ; collodion made with this showed negative qualities 
in the very highest degree. The imago was exceedingly red at first, 
and could be intensified to almost any extent. Like all organic 
matter, it was also found to interfere decidedly with the sensitiveness 
of the film to light, and this more and more the longer tlio col- 
lodion was kept. This really photographic action of collodion 
cannot be disputed, though it has generally beon said that it is inort, 
and that its good qualities nro entirely mechanical. It may be 
considered ns demonstrated, that where intensity of image is de- 
manded, organic matter must take part in it. It might be supposed 
that this pyroxyline dissolving 30 grains to the ounce, was a different 
compound from the ordinary kinds : it might have been, but dif- 
ferent kinds of pyroxyline have been made dissolving from 1 to IB 
grains, which were made without loss, and all of winch increased in 
weight about BO per cent, in the making, so that they wore pro- 
bably all of the same composition. 

With respect to the solvents of the pyroxylino, tlio other and 
alcohol, a similar regard must bo bad to the kind of collodion re- 
quired. For collodion positives it is necessary that they should 
both bo froo from organic matter, or thoy will form a collodion not 
sensible to fcoblo lights, which will show itself in pictures wanting 
half tint in the shadows, and overburdened with material in the 
lights, in fact, too negative. Careful distillation from enustio 
potash is necessary in this ease, and also a prudent choice of alcohol 
in the first instance. It is extremely difficult to decompose the grain 
oil, and other matters occurring iu'somo alcohols made from roots 
and seeds, and thoy should be rejected for photographic purposes. 
Tor negatives it is not essential that the spirits should bo perfectly 
pure so long ns they are neutral, and good rectified ether and alcohol 
will answer well s to make negative pyroxylines, proceed thus ;~- 

Take one ounce of old linen or calico that lias beon many timet 
washed. Boil it in weak oaustie potaasa until it censes to give 
colour to the solution, and then let it remain ns long as convenient 
in the solution. This modifies it in the same way ns linen and 
cotton fabrics avo modified by alkali, when they nro 'intended to be 
bleached ; that is to say, they are rendered more- susceptible of .oxi- 
dation, Then to 10 11. ounces of sulphuric aoidif Sh;(3v 1* Sit, in a , 




warm, basin, add 12 iff. 'draclims of water, and next 10 11. ounces of 
nitric acid, S. G. 1*4S. The temperature will probably rise to W0“ 
-or thereabout. If it does not, place the basin in a cleop dish con- 
taining boiling water until it does, and if it goes beyond that tem- 
perature, wait until it cools to that degree. Take the basin if neces- 
sary from the hot water, and immerse in the mixed acids the ouuco 
of linen previously washod from the alkali, dried and torn into stripe 
of 6 or 7 inches long, and 2 or 8 wide. When the linen is immersed, 
the temperature will probably rise to 1 50°, -Mid i f it does not, replace 
the basin in the hot water, Keep the whole at n temperature of 
1B0° for twenty minutes moving the linen so ns to secure uniform 
reaction. Then pour off the noid, plunge the basin ,mid its contents 
into a very large weasel of water, and stir it up vigorously. Allow 
the pyroxyline to settle, and immediately pom’ oft' the water; squoezo 
the cotton and place it in another vessel of water; continue this 
washing until no acidity is shown by litmus paper, and then allow 
the pyroxyline to soak some hours in water. Lastly, squeeze well 
in a clean dry doth, and spread the pyroxyline in a warm room to 
thy. lit will be found necessary with abnost every fresh sample of 
.nitric acid, to try by experiment on small quantities, whether tho 
•above proportion is the weakest possible mixture of tho acids Hint 
will act without dissolving much of the linen. If none at all is dis- 
solved, it is almost certain that more water may be added. Tho 
pyroxyline ought to dissolve 6 or 8 grains to tho ounce, and glvo 
perfect fluidity and a structureless film. 

To make positive pyroxylino. Use cotton wool inslond of linen. 
Keep the temperature about 180°, and allow the noids to act for 5 
or 6 minutes ; it should dissolve 4 grains to tho oiuico. 

Collodion Negative Process. In this process a negative 
photograph is taken on a glass plate coated with collodion. The 
various operations are as follow.:—- 

To prepare iodized 'Collodion, Tiffs is made by adding to plain 
collodion a certain quantity :of ;an ;aleolvolic solution of iodide of 
potassium. 

To mnke the plain collodion ; dissolve to tho ounce of pure ether 
S. G. 785, (made by adding alcohol S. G. 845 to other 8. G. 720,) 
about 8£ grains of pyroxyline, or more, according to the miliuo of 
tiie pyroxyline and the kind of film desired. 

To make the iodizing solution ; dissolve 14 grains of pure iodide 
of potassium to the ounce of alcohol, S. G. 810. Tho ioilido of 
potassium is not freely soluble in tho alcohol. It must therefore 
Impounded in. a inortar, and the bottle containing tho nffxturo well 
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shaken. occasionally, and immersed in a basin of tepid water. Att 
this is very troublesome- The neatest and simplest way of making 
the iodizing .solution is to procure absolute alcohol S. G, 791, which 
will require about the one-twentieth part of its bulk of water to raise 
its 9. (;r. to 810. The iodide of potassium may therefore be dis- 
solved in the water, and then added to the alcohol. 

• The S. G. of tho plain collodion is about 709, and of the iodizing 
solution about 839. These specific gravities correspond with thoso 
of tho excellent compounds made by Mr. Thomas, and called by hint 
*' Xylo-iodide of silver,” (which contains apparently neither xyloi- 
din, nor iodine, nor silver,) and solution X ; their chemical com- 
position and properties being also apparently identical with Mr. 
Thomas’s preparations. 

To iodize the plain collodion 5 add one part of tho iodizing solu- 
tion to three parts of the plain collodion; shake well together, and 
use tho next day. If used immediately the sensitiveness is at its 
highest pitch, but sometimes tho negative maybe a little wanting in, 
density, mtd perhaps disfigured by minute floating particles which 
adhere to. the film in consequence of the mixture not. having been 
allowed to settle, as well as with minute white spots occasioned by 
undissolved, crystals of iodide of potassium which have been pre- 
cipitated by mixing the- iodizer with the ether, and have not had 
time to be rcdissolved. 

Iodized collodion deteriorates by keeping, and at the end of a. 
few months is generally unfit for use, in consequence of the pyro- 
xylin© undergoing a decomposition which renders the film rotten. It. 
is at first of' a lemon yellow colour, which changes in the course of 
time to a deep red. In this state it is perfectly useless, and should 
ho thrown away, as the ether obtained by rcdistillation from it is too 
impure to be used again for a similar purpose. Only small quan- 
tities of iodized collodion should therefore bo made at a time, and it 
should bo kept in a dark place as exposure to light greatly accele- 
rates its decomposition.. The bottle which contains it should bo 
made of orange coloured glass. 

Tho change of colour produced in iodized collodion by keeping is, 
duo to the liberation of iodine. This is occasioned, in all probability, 
by the oxidation of the potassium, winch forms: potass, and unites;! 
with an organic acid produced by tho decomposition of tho other,,: 
alcohol, and pyroxylinc. The photographic effects of old, a,s. com- 
pared with now iodized, collodion, may be. imitated very closely, by 
adding a little acetate of potass and freo iodine to , the .iodizing solu- 
tion. The negatives then require a muoli; longer exposure, and 
exhibit greater density in. tho blacks, and, less! gradation of tone,. 
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which are the effects produced by old iodized collodion, with tho 
exception, however, of the increased porosity or rottenness of tho 
film in the latter case. When old iodized collodion is used, the free 
iodine liberates free nitric acid from tho nitrate of silver in tho nitmtci 
bath, and this lessens the sensitiveness of the film, while increased 
density is produced by the formation of organic salts of silver, 
which in all the photographic processes have tho property of inten- 
sifying the image, ns well as in some degree of impairing the sen- 
sitiveness of the exoited plate or paper. 

When iodide of cadmium is used instead of iodido of potas- 
sium, the iodized collodion does not become gradually deteriorated 
in the same way, but tho nitrnto of cadmium which is formed mid 
accumulates in the nitrate bath has an acid reaction, which like nitric 
acid, impairs the sensitiveness of the film, nnd tho density of Urn 
negative. Iodide of cadmium also injures the fluidity of collodion. 

Iodide of ammonium is a very unstable salt, and Hablo to bo de- 
composed into free iodine nnd ammonia. Collodion iodized with 
this iodide becomes rapidly discoloured (particularly in the light), 
although when first iodized it yields remarkably good negatives. 
The free iodine introduced into the nitrate hath, and tho instability 
of the nitrate of ammonia’ which is formed by tho double decom- 
position of nitrate of silver with iodide of ammonium, both tend to 
overcharge the nitrate bath with free nitric acid. Iodide of ammo- 
nium is therefore a bad iodizer to employ for negative collodion, 
although a very good one for positive collodion, to which tho Bnino 
objections do not apply. 

The alcohol used for making negative collodion need not bo so 
absolutely free from the common impurities of alcohol as that which 
is required for positivos, for these impurities act rather bone Hoi ally 
than otherwise in increasing the density of a negnlivo. In positives, 
however, where density, is not required, but a pure white metallic 
precipitate, they not injuriously on tho tone of tho picture. Posi- 
tive collodion Bhould be mnde with cliomicnls of tho utmost purity, 
nnd yet it is generally sold at a cheaper rate Mian negative) 
collodion. 

.Photographic pyroxyline is perfectly soluble to a mixture non* 
taming equal parts of absolute ether (S. G. 720), and absolute 
alcohol (f>. 0. 794); nnd certain iodides, such ns tho iodide* of 
calcium, ammonium, or cadmium, which may bo used ns iodizorH, 
are soluble in anhydrous alcohol. It is possible, thevofovo, to make 
iodized collodion winch shall be absolutely free from the presence of 
water. But the film thus obtained, is found to bo so extremely 
rcpeUant of water, that it is impossible cither to oxoito it properly 
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in the nitrate bath) or to got the developer to flow evenly upon it. 
Water is, therefore) a necessary ingredient in photographic collodion. 
On the other hand, when collodion contains too much water, the 
film oraeks all over in drying, and the picture is destroyed. Great 
nicety is therefore required in so regulating the specific gravities of 
the other and alcohol ns that the collodion shall contain the proper 
amount of water, and no more. 

It is sometimes advisable (in hot weather for instance) to use 
more alcohol in the collodion, in order to keep the film moist longer, 
as well ns to increase its sensitiveness by modifying its mechanical pro- 
perties. When absolute alcohol (S. G. 704) is used, considerable 
latitude is allowable in' the quantity which collodion may contain. 
]?or instance, if to nn ounce of iodized collodion, an ounce of absolute 
alcohol, and the corresponding quantity of pyroxyline and nn iodizer 
be added, the collodion so mndo will yield excellent negatives 
scarcely distinguishable in any respect from the original collodion 
containing only half tho quantity of ether. As alcohol is much loss 
volatile than ether, this seoms to indicate that for certain purposes 
the usual proportions of other and alcohol may bo advantageously 
modified. In making this experiment the reader must, however, 
romember that by “absolute alcohol” is meant alcohol S, G. 794. 
Tho alcohol frequently sold as “ absolute^” and oven called so by 
chemical writers who ought' to know hotter, contains ns much ns 
B per cent, of water, and would, of come, ruin the collodion, if used 
in tho quantity indicated above. 

Plain collodion may bo kept for a very long time without deterio- 
ration, in a cool, dark, dry place. It should bo kept in a tall, well- 
stoppered glass bottle, which should bo shaken as little as possible 
when decanting tho collodion, so ns not to disturb tho particles of 
undissolved cotton, &c., which settle to the bottom. 

When too muoh iodide is added to collodion tho film cannot con- 
tain the whole of the iodide of silver that is formed in it by the nitrnto 
bath. It therefore lies loosely upon tho surfneo, or is partially washed 
off. On the other hand, if tho film contains too little iodide, it ap- 
pears thin and blue when looked ut in the light, and docs not givo 
quite so intense nn imago, the sensitiveness being also somewhat 
diminished, though not much. It is bettor to havo too little iodide 
in the film than too much 

When loo much iodizing solution is added to plain collodion, the 
film becomes thin and insensitive, because there is not enough 
pyroxyline and too much ioclido and water in it, so that the 
sensitive iodide is washed off and transferred to tho bath. When 
a film contains too little pyroxyline, and too much iodizing solution, 
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the effect is first indicated by the formation of broad parallel lines 
or bands, like the, edges of retreating waves upon n flnt bench, 
all round the edges of the film ; and when this fault exists to n 
great extent in. collodion it becomes hardly possible to obtain tt trace 
of a picture, even after a very long exposure. The remedy is simply 
to add plain collodion until good results are obtained. This addi- 
tion of plain collodion to iodized collodion which works badly will 
frequently remedy the evil. Another cause of the insensitive) loss of 
collodion, and poverty of the negative,, occurs when from any mis- 
management or inaccuracy in imxing tho ingredients the iodide of 
potassium is allowed partially to crystallize or solidify before the IHui 
is put into the nitrate bath. This produces a compact niul insensi- 
tive coating of iodide of silver, which is blue and not auflleiuiitly 
transparent by transmittent light. The negative on such n film aV 
this is weak and insensitive. It appears, therefore, that even wlmu 
the materials are good, a variety of mishaps may occur through mis- 
management in combining them. 

Having now described the mode of preparing iodized collodion, 
rendy for use, we proceed to the various operations of taking the 
negative. 

To coat the plate with iodized Collodion. The pinto must first 
be cleaned in the manner described in the article, “ Cleaning,” mid. 
then, well polished with a cambric rag, or leather buff, immediately 
before pouring on the collodion, for unless the plate is wiped thoroughly 
dry and well polished before use, it will bo covered with streaks or. 
marks wliero the damp rag last touched it. The breath ooiulonses 
upon- a. clean, dry* polished plate, in an oven sheet, without exhibiting 
marks or irregularities... . 

, Hold, the plate .horizontally^ by one corner, between tho finger mid 
thumb of the left hand,, if n. small plate, or place it on a pinto holder 
[see Plato: Holder) if too large to benonvenieutly hold in this way, and 
pour upon, the middle of it rather more collodion than is sulliciont lu> 
cover it with a good- thick layer; i Then}, tilt the pinto so as to lot 
the collodion flow towards 1 the thumb, but. Without touching- it, and 
afterwards to the other corners in succession* and pour oil' tho 
surplus s into the bottle from the corner opposite to that by which 
you, hold it., This done, keeping the cornor: of tlio plate still resting! 
upon the neck of the bottle, and holding it vertically, rock it. three on 
tour times qiuckly throiigli n wide angle, 1 ;; in,/ order, to prevent tho 
joi matron of lines in the collodion.} then placoiitupdndho clipiier ready 
to be plunged into the nitrate bath. , 

Be careful to wipe the neck of the collodion bottle ocoasioually, na 
hits oi dry collodion wlucli are formed there arc liablo to become 
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detached niul deposited on the plate ; also, avoid dust in the dark 
room, and blow off any floating particles which settle upon the plate, 
before coating it. 

To excite the ffilm. The ether evaporates very quickly from n 
coated plate, and the fluid collodion speedily gelatinizes. This is 
called “ sotting.” When the collodion has sufficiently set, that is, 
ns soon ns it coases dropping from the corner of the plate, and is 
safely, placed upon the dipper, immerse it, without pausing, in 
the nitrate bath ; a pause during the immersion producing- a line 
across the plate. . Then, move it from side to side in the bath, for 
a few seconds, in order to prevent the formation of streaks in 
the direction of the dipper, niul leave it immersed for a couple of 
minutes or so. Then raise it out of, and lower it into the bath half 
a dozen times; in order to wash off the ether and get rid of the 
greasy, streaky, appearance of the film j let it drain for a few seconds 
over the bath 5 wine the hack of the plate with blotting paper, and 
plnco it in the slide, taking cave never to invert the slide while Urn 
plate is in it, and thus allow tho free nitrate which drains towards 
the bottom to flow back over tho partially dry upper surface of the 
plate. 

The strength and composition of tho nitrate hath is a matter of 
tho greatest importance* The formula for. making it is simple 
enough, but the both is liable to many kinds of irregularities in its 
modo of action, the principal of which will be described, and the 
remedies pointed out. 

The Nitrate Bath is made by dissolving 30 grains of nitrate of 
silver to the ounce of distilled water, and leaving an iodized cello* 
(lion plate in it until the iodide of silver is dissolved out. This may 
appear simplo enough, but a solution of nitrate of silver may be 
Cither acid, neutral, or alkaline, and its condition in these respects 
materially affects tho character of the negative. 

. Crystallized nitrate of silver is generally contaminated with free . 
nitric acid, ancl frequently adulterated with nitrate of potass. The 
latter impurity has no other bad effect than that of weakening the 
solution in which it is substituted for nitruto of ailvor, but free 
nitric acid in tho bath 1ms a very marked and injurious effect'' when 
it exists in too great excess. 

Free nitric acid in the nitrate bath impairs tho sensitiveness of the 
film, and produces in n greater or less degree, according to its oxcoss, 
grey, metallic, and feeble negatives, which it is difficult to intensify 
sufficiently. A. hath containing an exceedingly faint trace of free 
nitric acid is very good for all purposes where tho light is strong, 
such ns views, skies, &o., bccauso it keeps the lights of tho negative 
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< When a nitrate bath is accurately neutral it gives the most sen- 
sitive film, but in this state it is very liable to get out of order, and 
cither become alkaline from the introduction of carbonate of potass 
with the collodion, or acid from the fermentatioirof organic matter 
which it may contain. Acidity is frequently produced in this way 
when travelling, in consequence of the bath being kept for a long 
time in a state of agitation. 

^ It is impossible to obtain a good picture with an alkaline bath. 
The developer is immediately decomposed and a precipitate thrown 
down nil over the plate. The film is not in this case more sensitive 
than when the bath is neutral. 

Tho acidity of a bath should never be neutralized with ammonia, 
because ammonia has a strong tendency to escape from its compounds. 
Carbonate of soda is the proper alkali to employ. When added 
to the bath yellow insoluble carbonate of silver is formed which is 
immediately decomposed, mul carbonic acid liberated with efferver- 
seence. This goes on until the whole of the nitric acid is neutra- 
lised, after which the insoluble carbonate of silver is precipitated. 
This is again decomposed by the acetic acid afterwards added, and 
Acetate of silver formed. 

On tho whole it will he seen that the best formula for the nitrate 
bath is that in which pure recrystallized nitrate of silver is used, con- 
taining only a very small excess of nitric acid. The negatives are 
not then so excessively dense ns to produce chalky positives, and 
tho process is. generally manageable as regards exposure for out-of- 
door subjects, where tlio range of light and shade is the greatest that 
occurs. When there are moving figures in a view which cannot be 
taken instantaneously, and when violent contrasts of light mid shade 
occur, an exposure of two or three minutes is far preferable to one 
of twenty or thirty seconds, — and then this kind of bath will be 
found tho beat to employ, for the plate may then -be exposed until 
tho picture is covered with detail without any part being overloaded 
with a dense impenetrable precipitate. Excessive density is the 
great evil to avoid in negative photography, and beautiful modula- 
tion of tone with perfect rendering of all the details the great desid- 
eratum ; provided always that a proper amount of contrasts between 
tho highest lights and deepest shades is at tho same time introduced. 

A nitrate bath sometimes works badly in consequence of being too 
weak. Its strength should be tested occasionally with a silver- 
metre. See “Nitrate Bath.” 

Tho Bath may be kept for years in a glass, or guttapercha vessel, 
when the guttft perelm is pure and unadulterated. Porcelain is 
object ionnblc, as nitrate of silver acts on the glaze. There is a 
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substance used in America for baths and dishes, called " Photogra- 
pi lie ’Ware,” which resembles wedgewood ware, and has no glaze; 
this is said to answer very well. The nitrate bath should be filtered 
occasionally. 

To develops the image — 'Pour over the plate a solution containing : — 
Distilled water .... 1 ounce 

Pyrogallic acid . . . .1 grain 

Glacial acetic acid ... 30 minims, 

or 

Distilled water ... 3 ounces 

Pyrogallic acid ... .3 grains 

Citric acid . . . . 3 grains. 

i It is convenient to make a small quantity of developer of three 
times the nbovo strength, and to dilute it when wanted. You have, 
then, at hand a little strong solution to use, should occasion require. 
The developer will not keep longer than three or l'onr weeks. A 
little alcohol added to it makes it flow more freoly over the plate, l’t 
should bo filtered if any floating particles appear in it. Citric acid 
is much . cheaper to employ than acetic acid, and it answers very 
well, giving negatives of a more inky tint than acetic acid 5 but it 
must be carefully weighed, as a groin or two move or less may make 
n considerable difference, citric being a very powerful acid in pho- 
tography. 

Although it is customary to call the acidified solution of pyrogallic. 
acid the “ developer,” yet it must he borno in mind that this is not 
a developer unless it also contains nitrate of silver. The small quan- 
tity of free nitrate of silver which remains on the wot plate is, in 
general, sufficient to complete the development, but sometimes it 
is necessary to add a few drops to the developer, towards the end 
of the process in order to render the negative sufficiently intense ; 
and tliis^ addition is always necessary when the hath contains a little 
free nitric acid. The picture should be developed as soon ns possi- 
ble after exposure, because, ns the pinto dries, the free nitrate 
becomes concentrated, and dissolves the iodide of silver, thereby 
destroying the impression produced by light. 

It frequently happens, in hot weather, that the plate gets so dry 
during the exposure, that it is difficult to pinko the developer flow 
oyer it nt once, and this produces stains, which spoil the picture. In 
such n on 30 the Mowing is a good plan to ndopti— 

After removing the plate from the slide, immerse it in a bath 
of distilled water. Then wash the measure which contains the 
developer thoroughly in water, afterwards with cyanide of potassium, 
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and then with water again. This renders it chemically clean. . Now 
pour into it the necessary quantity of developer, and add a few 
drops of fresh nitrate of silver solution. Itemove the plate from the 
distilled water, and develop immediately with the above mixture, 
which will now flow freely, and the picture will come out as quickly 
and as dense as before, and free from stains. The developing pyro- 
gallo-nitrnto of silver should not become discoloured in the measure. 
If it does, it is a proof that the measure is not thoroughly clean, 
and the result will probably be a bad proof, dirty, and stained. 

When the details are fully out, and the blacks of the proper inten- 
sity, wash the proof with water poured over it gently from ft jug, 
and fix it in the manner to bo described. 

When a picture 1ms not, received sufficient exposure, the blacks 
become very intense while the lights remain clear and devoid of 
detail. Under these circumstances it is impossible by any modifi- 
cation of. the treatment to produce a good negative. When the 
picture has been over exposed the effects avo different according to 
the state of the bath and collodion. When the bath is acid with 
nitric acid, the effect of great over-exposure is to reverse the action 
of light in the black parts of the negative, and render them move 
or less transparent. When the bath is acid with acetic acid, and 
the picture exhibits the effects duo to organic matter, the over-exposed 
parts do not become dark so rapidly as those which havo received 
the proper exposure, but remain red and transparent, having a 
burnt appearance, the edges of the red parts being, however, fringed 
with black, and the “ solamation,” ns it is culled, being more marked 
in the centre of the over-exposed part. When the bath is neutral, 
and the iodizer contains chloride of magnesium, and the developer 
citric acid, the over-exposed parts are sometimes tho30 which acquire 
the greatest density and opnoity, and what is called “ solamation 
is not then produced. , , ' 

Over-exposed negatives give flat and feeble positives, which are 
deficient in contrast and cannot be properly printed to a good 
tone. 

There are limits therefore to -the time of exposure which cannot 
be passed with impunity. When diffused light finds its way into, the 
camera, fog is an evil which is greatly exaggerated by ovor-expospe ; 
and when the chemistry of the process is a little at fault, the pffiio.ts. 
of over-exposuro me sometimes very remarkable and absurd. 

Negatives may be developed with proto-sulphate of iron acidified 
wilh acetic or citric acid ; and some persons think this developer a 
much bettor one than either of those before described. The 



134 


COL 


proportions are variable, and depend on circumstances. In our 
linnets the following formula succeeds very well; — 

Distilled water . , . . 1 ounce 

Proto-sulphate of Iron ... 5 grains 
mi Acetic acid . . . . 6 minims 

,, 7 '* 16 should be added to the proto -sulphate solution imme- 
diately before use, and the proto-sulphnto solution should be kept 
as muoh ns possible in the light. There should be no free nitric 
n . “'o nitrate both, and the collodion should be such as to 

assist the production of an organic compound of silver. When this 
developer is used too strong, a white transparent stain is produced 
upon that part of the plate on which it is first poured ; but so long 
as this evil does not occur tho developer may bo strengthened with 
advantage, Tho exposure need not much' exceed one-half that 
which is required when pyrogaliic acid is used. Tho chief merit of 
the iron developer is that it yields negatives abounding in half tone, 
and with exquisite detail. Any amount of density mny be obtained 
with proper treatment. The negatives are brown, and not blue. 

borne operators commence the development with iron, nml finish 
with pyvognllio acid, the iron being, of course, carefully washed off 
tv? the pyrogaliic. Tliis is an excellent plan, 

i *n the precautions for avoiding “fog” aro strictly observed, 
negatives developed with iron are ns perfectly transparent in tho 
lights, as those developed with pyrogaliic acid. 

:,, 0n ? ie n vl,0 ]° H’ 6 n ' on dGVC '°per appears to bo superior to tlm 
1 ,kW op “'" tol ' i ' mul il iB 

As a umv^j-anMaile, a negative should be red and not grey in the 
first stage of the development. 

To fin the pht,ure—Vo\xr over it either a saturated solution of 
llyposulplnto of sbcln, or a solution of oyanide of potassium from 
6 to 10 grams to tho ounce. As soon ns all tho yellow iodide of 
sdver is dissolved, wash the plate well with water, and set it up to 

. Hyposulphite of soda does not reduce the density of a rod organic 

!3°i S ° ,m ! ch M °jr iAe potassium, but tho plate requires' to lie 
washed ranch more thoroughly and carefully after it, for if this be : 


n , (1 . _ - - - ~ — — .wx.mvj <»uui lb, iui u UU3 UO llOt 

t ie lypo leftm klie him is apt to orystallizo and destroy 

Tim °!^vvlk? ftV ° n f xmIessillc ? m varnished, 

ilm pyioxy line film is gradually decomposed by contact with air 

and moisture, and an oxide of nitrogen produced* which destroys 
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the photograph. When properly varnished, however, they appear 
to be extremely permanent. Good spirit varnish is the best, and 
amber varnish one of the worst to employ. ( See “Varnish.”) When 
spirit varnish is used the plate should be warmed before the fire, 
both before and after the application, but not made too hot, or the 
negativo would be dissolved off the plntot The varnish is poured 
on in the same way as the collodion. It dries very (prickly. Other 
varnishes are applied in the same way to ft cold plate, which should, 
however, be thoroughly dry. 

The negative is now finished. 

It may be well to add a few words on the chemistry of this im- 
portant process, although the general chemistry of photographic 
processes has been discussed at some length in a separate article on 
the Chemistry of Photography, q. a. 

The collodion film is nearly inert, producing in a, very slight degree 
the effects due to organic matter ; it must be considered as little 
more than the vehicle for supporting the sensitive iodide of silver, 
which is moro sensitive to light when precipitated in a test tube, 
than when collodion is added to it. Collodion is not an accelerating 
substance; on tho contrary, it diminishes the sensitiveness of 
the mixed iodide and nitrate of silver. The reason why the 
collodion process is more sensitive than any oilier, is partly because 
tho film is moist and transparent, and the sensitive chemicals are 
distributed through it in ft finely divided state, and partly because 
the nitrate hath is nearly neutral, and the dovolopor highly energetic. 

' The iodide of potassium in the film produces with the nitrate of 
silvor in tho nitrate bath a double decomposition, iodide of silver 
and nitrate of potass being formed. The latter salt appears to be 
inert in tho various operations. 

On exposure to light, tho iodide of silver and free nitrate in 
tho film are reduced, and an image formed, which, in tho collodion 
process, is too faint to be visible. 

Tho developer, when mixed with the free nitrate on tho plate, forms 
an unstablo compound, extremely liable to be decomposed, and only 
preserved for ft lew minutes from spontaneous decomposition by the 
organic acid which is added to it. When this is poured oyer tjhe 
reduced image, the reduced particles act as centres of attraction, 
which first decompose tho pyro-gallo-nitrato in contaot. witlritliem, 
and then cause it to accumulate atom by atom upon theni|p|iH8 
way causing the image produced by light to acquire Iresll^atei’iftl, 
and become visible and intense. : ; : V 

The fixing solution dissolves tho iodide of silver, forming, in the 
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' T’ tl - double °y anide of 3ilvev and potassium 
aoifn • i u i° dlde °, f P? tflS8lum > and, in the case of hyposulphite of 
sodSm. bl ° Ilyilosl ^ lllteof silTC1 ’ andsodn, together with ibdido of 

knnwn eX T! 1 ® m P 08ition of the blacks of the image is not 

1 1 ,? d sub3tnncc f °™ed in the early stage of the develop. 
m-rHnUn?^ ba + {, an “FT , subsillt of silvcr > and the black substance 
Sr n 1 at i th ? end ,? f the development either metallic silvor, 
01 a compound of metallic silver with carbon. If an unvarnished 
negative be dried before the fire, and then rubbed lightly with n piece 
of leatiLer the matonnl of the image exhibits exactly the appearance 

SliVeV ' J 1 * 8 i9 110 P roof ’ ^ a 81l1fl li 

K Si 1 T} ”i l lna y not ba in-esent, because in the case of steel, 
nerfcnilv a carbl( J c °1 1 ? ron ») tbe metallic appearance and lustre is 
Sa la , 1 fl ' mL 1 , 18 T unbkcl y tliat > ™ « 1C decomposition of 
SSkl wHl 1% ° T rP Mlt1 '? of silvcl ’> a compound of meta-gallio 
25?’ In 1 •“?' ?r lde -i 0f Sllv0r ls -, firat P r °dnced, and afterwards rnhiced 
CMbi " 01 '' 

is SmrwJl 3 0oLIOI) ; i Of ;PR 0 CES S . By this process, a direct positive 

toUet - * i,n„go 

in H><> following 

tlm Il mn^ 1 .lS Sft i i 7i 0 P ™ CG3S ? ie n 0 Jtf eot is to « b taiu n picture, in which 
L f fi fc 16 T- 8 ' 0 8ba l be morc or 1088 °m ue when looked 
tevinl nf f 1 m,’ ™ t ie TT P r ? cess > to obtail1 & pioture ill which tlio mn- 
densitv nf v«S? aSC S m ? r 6 a d ? ad f tUe when looked at. In a negative, 
todi^ 

tW wSIT r !^ face de P° 8it Tn a positive, JhUenm of 
LUctiC 18 Wiat 18 re( l mrcd) witll0ut nIt y reference to density. 
nSrl nr •’ °I$ m ? mattor 18 introduced, iivst as acetic 

noid oi acetate of soda m the nitrate bath, and secondly, as irallic or 

pyrogaUio aoid, noidified with acetic or citric ncidfor the dcvclopor ■ 
tlie object being to obtain density in the imag^Wotimbiniiig ortranio 

TT 4 w- *» 4IBW5 

the oontrnvf 1 thJ r' e ' I” 1 * 10 In ; ffitl 'S' 59 * 1 ™ process* on 

dnolinPof^’ as mnoliiaa posaiblo. tho intro- 

emotion of oi gnnio matter m any part of -the4Afe,fly B t bv ncicli- 

l f fu in l tlL ? n - tmte b n th T ldtriC) instead of aeefifel^fliicl secondly, 
developing yr*th an inorganic developer* :^|-^^ a ., m i x t ure Jf 
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the proto-salts of iron with nitric acid, and in this way endeavouring 
to produce not an opaque organic image, brown on the surface, but 
a thin, white, metallic deposit. 

Tins principle being borne in mind, the rationale of the positive 
process will easily be understood, and as the manipulation very much 
resembles that for negatives it may bo more briefly described, and 
the points of difference only between the formulae indicated. The 
plain collodion is the sumo both for positives and negatives, but the 
iodizing solution for positives should contain iodide of ammonium, 
instead of iodido of potassium, in about the same quantity, i. o. from 
1 & to 14 grains to the ounce of alcohol. The alcohol of the iodizing 
solution should bo ohcmicnlly pure, and free from the fusel and grain 
oil contained in spirits distilled from grain or roots. These organic 
matters introduced into collodion, although comparatively harmless 
in negative collodion, affect injuriously the tone of a positive by 
producing an admixture of organic silver salt with the white metal. 

The nitrate bath should be rather stronger in silver than that for 
nogntives, and should bo acidified with nitric acid. The formula 
is ns follows : — 

Distilled water .... 1 ounce 
Nitrate of silvor .... 40 grains 

Nitric Acid . , . .1 minim 

The time of exposure is about half that required for negatives. 

The Developer is made thus : — 

Dissolve one ounce of powdered nitrato of baryta in 10 ounces 
of distilled water, and add 8 drachms of nitric acid, S.GL 1*4. Next , . . 

add 1-Jf ounces of powdered proto-sulphate of iron. Shake well until 
the iron salt is dissolved. The mixture becomes white and turbid, in 
consequence of tiro formation of sulphate of baryta. Let it stand a 
few hours until this has settled to the bottom of tho vessel ; then 
decant and llltov the solution, which, if right, will be of an apple green 
colour. Add two ounces of alcohol to enable it to flow freely over 
the collodion film. It is now ready for use, but gradually deteriorates 
by keeping. It may be kept about a month in a cool place. The 
nitrio noid slowly oxidizes the proto-salts, of iron and tho solution 
turns yellow. In Ibis state it is much slower in its action, and aJittlo 
fresh proto-sulphate should be added to it, An ounce of proto-sul- 
phnlo of iron decomposes about an ounce of nitrate of baryta, forming 
insoluble sulphato of baryta, and solublo prolo-nitrnto ot iron. ^ Tho 
romainiug half ounce of undecomposed proto-sulphate of iron forms 
tho energetic part of 'the developer. 

The nitric acid should be added as stated, and not after tho iron 
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snlt ns some peroxidation of the iron might then occur, which would 
°cca ion a brown mg of the solution, anti be injurious: 

develo ^ n i the picture is quite different from that 
comnWpYnp pr0Ce8 f; It .' mu8t be done nlmost at a blow, and is 
Su-flb™ ‘T "! ? 1C '' e i 13 f VISlble indention of the details in the 
sJmclou s when the plate is laid upon a black ground. These details 

X™ 2 ^ U'% 00:5“ 

rnbLu™ • A ‘ be , Cm ' n “ l *°° f,u ' tl10 bol ' tass and vigour of 

“ ^lT d - °T ex P oslm P»*«™ a blue solarize, l 

appeal mice, ns in the Daguerreotype process. 

■tbfin “^hiw 40 ? Sll i d> nnd fixcd with c y ani(1 ° of potassium, 

tive aftrn Ibf 1 ’f? 1 ’ 16 ? T y ai ; ni9llcd in tho same way os a nega- 

vm dsh ‘ 1 1 bMk °? ““ l )lat0 is t0 bc cMtca with black 

? a T^ 0rS Vn T 18ll , tl1 ? P“ trao itself with black varnisU 

ti^Ts a W] Yi^'?™ 0d °Ii loolcil i g,lt ifc glass i but 

whites nufl «b 1 ^ r „ Cf ) llse tbo VQVnis h injures tho tone of tho . 

applied to thn iT l r b + , C t0 iT ck nnd deatr °y tbo P^uvo. When 

1 e } > ' lfc ? aE en8ily bG nibbetl off 1111(1 re - 

newed it it ciacka, and no harm is done to the picture. See ” Vnr- 

rPv^nwn ,<K}ldbB - tak ^ ^ a non-reversing slide whenover tho 
levcision of the image is objectionable. 

ceSbXXXrX™ P? 1 ' 1 ’ 10 S 1 ” 99 ’ widen forma an c X - 

hah mineceaX d — P “ ’ S' 1 ' 1 Mldors tl '° 1190 of Wnok ™r- 
msn unnccessaiy. Hus is an excellent plan 

va^shSuS such as blade 

leather ^ h ‘ on tablefcs ’ b3l,clc V atmt 
ieatnoL, Olack,glazed:.oanvas. &o., & 0 ., Some of these nrocpaJU nvn 

Tft nnd.useful,mnd deserve a particular description 

^takePmtimupon Pwper, or Card, Tho paper or card must 

the f h on wllicl1 ^ P ictura is 'to ho 

Sn oh? : ?S^- 8 ° Ul0n ° f 8 datho > nnd drying it. It is 

to be^S„^ir V ^^ ay ' ta a &** P fe to, to which it is 
10 oe nttao bed m the following manner Lav the back of the nnnm* 

upon the glass, hoattlurblade of a penknife m a spirit lamp rulr it 
upon a lump of wax; .anti then, pass it quickly. allround- the edge of the 
paper so as to fasten it to.the Rloss/platoiby amedging of wax with 
out allowing any liquid to getlelund it. M 2r S 
black varnish, and let it: dry. ,®icn : J^ 

K ao ' 6a ^.f»W#and dotaohi 

110m ciio glass, iositivosdnken on papei 1 ol‘ card in thta w«v mm/ 

™X y bCr ltted , b P 0!t ' olljeot of tho eeUlHnohr^-prS: 
venf the black varnish from soaking into the paper. * 
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To take Positives on Patent Leather , Glazed Canvas , Enamelled 
Iron Tablets &c., The leather ov canvass is to bo attached to tho 
glass by nil edging of wax in the manner described for paper, and 
the positive taken on the glazed surface at once, without black-var- 
nishing it, Enamelled iron tablets may be treated in precisely tho 
same wav as a plato of purple glass. The back of the tablet should 
bo varnished so as to prevent its injuring the nitrate hath. 

Collodion positives may bo transferred to a great variety of tablets 
by methods which are described in tho article on Tiianspekhing. 
See “Transferring.” 

Collodion ikiid-Papeh Process. In this process a negative 
is taken upon a sheet of paper coated with collodion. The process has 
not yet been extensively practised, but it appenvs to offer somo im- 
portant advantages, in one or two respects, over every other process 
now employed l>y tho tourist. It will be better to describe the 
manipulation first, and point out these advantages afterwards. 

The operations in the coUodiomzcd-papor process consist in 
attaching a sheet of paper to a glass plate, coating the paper with 
collodion, and proceeding in the ordinary wav to’ the completion of 
the picture ; then removing the paper from the glass by soaking it 
in water, and treating it as an ordinary paper negative. 

The only operations wo have to describe are those of attaching 
tho paper to the plate, and removing it when the picture is finished; 
tho others being identical with those on collodiomzed glass. 

To attach the Payer to the Glass Plate. Immerse it in a warm 
solution of gelntino, made by dissolving six grains of golutinc to the 
ounce of water. Lot it remain for a minute or two in tho solution, 
then removo it, and immediately apply the back of it to a clean 
glass plate, pressing it into close contact with the glass by moans of 
a bout glass rod. Lot it dry thoroughly. When dry it will stick 
firmly to tho glass. _ . . , ' i 

Coat tho paper with collodion, exoito it by immersion in s the 
nitrate bath, ancl develop© and fix the pioture precisely ns in the 
collodion process. Then soak the plate in water, and remove the 
p'fipor nogativo as soon as it will leave the glass without risk of being 
torn. It should then be well washed in several changes.' Qf water, 
elided, and waxed in the usual way. lilfp 

Tiie advantages of tho process arc* that the excited paper 'is? highly 
sensitive,— more so fchftn iin excited collodionlzod ' pj^i^so' that 
skies anddnstnntaneous pioturos may be taken upoiVit^fitlMso, that 
it gives far bettor definition and It a if- toho ■ than, tho .ordinary -methods 
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upon paper, The photographic tourist may, therefore, employ paper 
for the same class of subjects as glass, without subjecting himself to 
the expense, trouble, and risk of travelling with boxes of glass plates, 
and valuable glass negatives, On the other hand, when all has been 
done to render a paper negative evenly transparent, it can hardly bo 
rendered quite equal to glass for supporting a negative picture. 
Such are the merits and drawbacks of an excellent process, which 
deserves to be more extensively practised. 


Colour. — If the coloured spectrum produced by passing a rny 
of sunshine tlu'ough a prism, and thereby decomposing it into 
coloured rays of different refrnngibilities, bo thrown upon a sheet of 
sensitive photograpldc paper, the paper is most darkened by the 
violet rays, and least by the yellow and red, This shews that llio 
chemical power of light resides chiefly in the violet rays. Now Llio 
colour of an object when illuminated by white light is supposed to 
depend upon its absorbing all the coloured rays which fall upon it, 
and,, when combined, produce white light, except the rays of the 
particular colour which it emits: so that, on this hypothesis, it 
nnght be supposed that the images of yellow and orange coloured 
objects would scarcely produce an impression upon a photographic 
tablet, while those of objects of a blue or deep violet colour would 
produce a comparatively marked effect, This is found by experi- 
ments to be true to some extent in the case of coloured objects 
copied, in tlie ordinary way, and to a greater extont in tho east) of 
light transmitted. through coloured media. For instance, if a point- 
ing in frescq.were exposed to full sunshine, and copied in the ordi- 
nary way, fh®' pftutograph would not bo so perfectly truthful in its 
mode of rendenng shade for. colour, ns an engraving from tho sumo 
picture, because the, yellows and reds would bo darker, and tho blues 
and violets hghtiyuff the.photograph than in the engraving, in which 

and dark colours 

by shades.. #u|&liffe^{jfffe;.ftesc.o were faithfully copied by a trans- 
parent P^nlmgil^Mffibglwsi./ahd this copy woro photographed by 

tabled rnymk priSJt w » 

positive, ns regards 

li ht and shftde^wo^dvje'much^more marked than in tho 'former 
case. It appears,^ therefore, that a coloured, objoot omits from its 
sigface 'certain actinic rays besides t]io ; rays^ of. its peculiar local 
colour, and. that the photograpilio copy of a coloured object obtained 

Lv oi : t]mai T “ ^ :S mte so inaccimtflin its mode of l-ou- 
deung colours by shades as might at first besupposed 
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As a rule, the photographer should remember that him a and 
violets come out lighter , and yellows and reds darker, in a direct, or 
printed positive, thnn they ought to be. 

It seems probable that different coloured artificial lights, or sun- 
shine transmitted through coloured media, might bo successfully 
employed in illuminating coloured objects to be copied by photo- 
graphy. A variety of highly interesting experiments might be 
made ‘in this direction, with the view of removing, if possible, from 
photography the reproach under which it now somewhat justly 
labours. As yet very little has been done in the way of careful 
scientific experiments in the photography of coloured objects, and 
our information is consequently scanty on this head. Tho difficulty 
found in copying old oil paintings arises in a groat measure from their 
exceedingly dingy and low tone of colour, which will be perceived 
by holding a white card against the highest lights ; and also from 
the varnished and uneven surface, texture of the canvas, and other 
dofccts. 

Yellow paper, or calico, or glass, used for cutting off actinic 
light, should have a tinge of orange, rather than green, as the red 
are much loss actinic than the blue rays. 

Colouring Matters. Organic colouring matters are generally 
destroyed by the action of light and oxygen, or chlorine. The 
affinity of tho carbon and hydrogen which they contain for oxygen 
and chlorine is increased by light, and the oxygen which they take 
up, and which may escape ns carbonic acid, niters their composition, 
and destroys their colour. They have been examined photogra- 
phically by Sir John Hcrachel: ho found the juice of tho red poppy 
and the double purple groundsel to be especially sensitive to the 
bleaching power of light, and that tho fading of flowers was duo to 
the same cause, winch increased in force as the vitality of tho plant 
was diminished. Tho juices formed in spring, in the more active 
stage of the plant’s growth, are also more easily destroyed when they 
arc expressed, thnn those which aro elaborated at ft later season. 
The colouring matters of leaves go by the names of ' Ohiovophyl, 
xnnthophyl, and cvythophyl, or green leaf, yellow leaf, and rcddCaf. 
A. solution of the first in ether passes, by tlio action of light) 'into 
tho yellow colour of autumn, that is, into the second variety:,! the 
red matter of leaves has already been oxidized, and is much" Ifiove 
stable in tlio air, but long exposure changes ifcffo browrts^^v ■ 

Those fugitive animat and vegetable; dyes Imve'sliglibly acid pro- 
perties, like gum and sugar r hence 'tlttsy may be '.jfrccipifcated with 
the oxides of iron, lend, and aluimmum,: ; aiidvAh ;ffhik;' : 'swtt, ■ are 



miicli more permanent; and these oxides having- an affinity for 
cotton and other .fibres, fabrics may be dyed with these compounds 
though they have no attraction for the colour itself, and many of 
those compounds are purer in colour when formed in tho light than 
m the dark. Many photographic processes are analogous to these. 

these weak organic aoids are, liko pyrogallic acid, more easily 
oxidized when mixed with an alkali, and, therefore, fabrics intended 
to be bleached are rendered alkaline before they arc exposed, by being 
bowked, or boiled, with a weak solution of caustic potnssa; liiul like 
pyrogallic acid, though in a less degree, they have the power of 

do«T P03mg S ° lutl01lS of nitratc of 8ilm ’ nnd ™rrying the oxide 

Combining Piiopoiitions, See « Equivalents.” 

Concentrated Solutions. These are solutions 'in which tho 
fluid coiitains as much of the solid matter as it can hold at the actual 
temperature. 

Condenser. The condenser is a thick convex lens, of moderate 
locus, uncorrected either for spherical or chromatic aberration, and 
uged for the purpose of fating light through any transparent 
intended to be copied, either in tho copying or microscopic 
camera, m the manner described in the orticlo on copying. Its 

diagram be ™#>ratood 'from the following 


9 Eig. IS. 



fern ™ 1 * Ul ° it a 

■ lens, 01 the npnt lens of a combination. 0 an artificial light ftlm 

^ the epndoriS 8 c 

- to bo copied; its principal 

^i 1 # 0 - 1 ' 10 ■ thanit8 ^toilce-ftom the incan- 
fS- 6 i b f U :9 i and -^ e -Mnage of 0 should be formed very 
indistinctly, and with great, spherical aberration in the neighbour- 
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hood of l m. , All the rays included within the angle DOE will 
then ho transmitted through A B and the copying lens, and the 
images of tho transparent parts of A B will he formed by diverging 
pencils, ns shown at the points A, C, B, and in the manner described 
in the article on copying. {See “ Copying.”) Tho condenser should 
be of such a form, and be so placed, as to give the greatest’ possible 
spherical aberration. Plano-convex is a very good form, with the 
plane side next to the light. Some operators put tho convex side 
next to the light, but that is incorrect, because it is required to 
increase, and not to diminish the spherical aberration of tho image 
of 0. It is evident that if tho lens D E had no spherical aberra- 
tion, the pencils l A.m, l C m, m, would become straight lines, and 
the condenser would be useless. 

When sunshine is to ho used instead of artificial light, tho form of 
the condenser must be modified, so as to suit tho parallel rays inci- 
dent upon it. Tho construction is shewn in Pig. 13. 



GTI E D is a cylindrical tube, having at each end a plano-convex 
Ions. II K is a* reflector, by .means .of which tho sun’s rays arc 
directed into tho tubo. Tho first convex lens gives a confused 
imago of tho sun at its principal focus 0, and rays then diverge 
from 0, nml pass through tho second lens in tho same way as from 
the lime ball in Pig. 12. , 

A solar camera may bo constructed by continuing the ordinary 
copying camera until the front of it includes the condenser G E, 
and adding a rolleclor K H, capable of receiving tho same adjust- 
ments as the reflector of a solar microscope. 

It will be seen in Pigs. 12 and 18, that, without tho condenser 
1) K, very little of tho light that is radiated from 0, would pass 
through the negative and enter the camera through tho atop in 
front of the lens. The condenser collects diverging rays, and causes 
them to converge to tho points desired. 

The condenser commonly made by opticians consists, bf a plano- 
convex lens, with its convex surface in contact with tl\6 most convex 
surface of a “ crossed lens.” Sec “ Crossed Lens.” This arrangement 




is intended to dimmish spherical aberration, and is therefore wrong 
lit principle. In ordinary lenses, spherical and chromatic aberration 
are aqfects, but in a condenser they are advantages * This should be 
distinctly understood. 

Conjugate Foci. It is an admitted principle in geometrical 
optics, that ivhen a ray of light has passed through any optical in- 
strument composed of lenses and reflectors, it will, on having its 
direction reversed, return by the same path as that which it pre- 
viously followed. If, therefore, a pencil of rays diverging from a 
luminous point Q lie refracted through a convex lens, or convex 
system of lenses, .and brought to a focus q, it follows that on re- 
versing the direction of every ray, and considering q as the origin 
ot a pencil proceeding the contrary way to the first, every ray will 
return by its former course to Q, the origin of the original pencil, 
which may therefore be considered as the focus corresponding to the 
origin q. From this circumstance the points Q, and a are called 
" Conjugate Foci.” 


Conversion op Positives into Negatives, and vice vend, 
This conversion is often spoken of 03 possible, but few instances of 
true conversion appear to have been recorded. Collodion positives, and 
similar pictures, _ are real negatives, and it is only by reflection that 
they appear positive. As negatives they arc fcclilc, and the inten- 
sifying of them, so that they may be printed from is not conversion, 
but merely further development. In development the last part of 
the attached silver is more metallic . than the first, and a negative 
has been known to appear: verv positive by reflection, when much 
metallic silver. has, been ..preoipitatcd upon it j but neither is this a 
true conversion,: it, -is merely ..an alteration in tho superficial cha- 
racter, and the negative prints : as before. When a collodion pic- 
ture first commences its development, if it bo oxposccl momentarily 
to daylight, a real positive image by .transmitted light is often pro- 
duced, instead ; of. a. Negative, But this does not constitute con- 
version, since np suqh change oocurs when a negative image is once 
distinctly, forined. There are ..several, processes in which, by slight 
inodificationSj,eitliei\the sunned or the unsunned portions may be 
developed, the darkest at pleasure, so that either a negative or posi- 
tive viewed .by transmission- is. produced 5 and in somo of Sir John 
Herscliels processes, tho dark parts of a developed negative may 
be. bleached, and the- othqMf darkened*. whema onso of real con- 
version is constituted. Suci^pcesses. are called Amphitype, (from 
a^t: both ways). ^ 7 '; >7 '■ 1 JL K 



Copal. A resinous substance much used in varnishes. There 
are three kinds, the East Indian, West Indian, and African. The 
copal of the East Indies and coast of Guinea is the best. Thnt of 
India exudes from the Maocarpus copalifer, and is obtained in 
hard yellow lumps; that of Guinea is found in the sands of 
rivers. 

Copal is soluble in ether, and oil of rosemary, but not very soluble 
in alcohol, until it has been pulverized and exposed for some months 
to the action of air and light, by which it is oxidized. Eased 
copal is soluble in oil of turpentine. Alcohol containing camphor 
dissolves copnl much more readily than pure alcohol. The methods 
of dissolving copnl, and making copal varnish, arc described in the 
article on Varnish ; q, v. 

Commit. Balts of copper have not been much used in pho- 
tography. Tho chloride might be expected to bohnve something 
like chloride of silver, since it parts with half its chlorine with tole- 
rable readiness, and is besides prone to oxidation. It has been 
observed, that the brown chloride becomes blue by exposure to air, 
and that the whole subehlorido absorbs oxygen, and becomes green 
(Brunswick green). Light would most pi'obably favour these 
changes. The eupro-cyavtides might be expected to act like the 
eobflltocynmdc. 

Copying. This term is used, in photography, when manuscripts, 
maps, paintings, engravings, and works of art of tlmt class are to be 
reproduced. 

In copying black marks upon a white ground, by the collodion pro- 
cess, it is generally advisable to have recourse to organic matter in 
the bath and collodion, in order to obtain density at the oxpenso of 
sensitiveness and half tone. An old and rather discoloured collo- 
dion should therefore bo used, because it contains an organic salt of 
potass, and tho nitrate bath should, bo more strongly acidified with 
acetic acid, ami a littlo acetate of soda added to it. The work to 
be copied should then be placed cither in sunshine or a strong lijghtp 
and a small atop used to Bio Ions. Care must bo taken .not to give 
so much exposure ns to redden and enfeeble tho blacks of tho 
negative. 

A rather strong pyrogallic developer may bo used, and n little 
silver added towards tho end of tho development. A small slop is 
necessary in order to give sharpness to tho odgea of tho picture, and 
u strong light to give density to tho blacks of tho negative. 

T. 
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The copying of oil paintings is a matter of great difficulty, 
because reflected, light from the varnish is likely to enter the camera 
and blacken some part of the negative. A. Ions of long focus 
should in all oases be employed, for reasons which will bo under- 
stood by reference to the following diagram, which is exaggerated in 
its proportions, in order to render it more intelligible. 

Let A B be a varnished 
oil painting, L the lens, and 
a b the image ; the lens being 
one of short foous and placed 
near to the painting. Sup- 
pose'the painting illuminated 
by light falling obliquely upon 
it as shown by the arrows. 

Then some or the rays in- 
cident about E, will after re- 
flexion at the varnished surfaoe pass 
through the lens and fall upon the sensi- 
tive plate at e, producing a dark patch 
in the negative. 

Next, suppose a lens of longer foous -—••**•- — - 

used, and the picture placed further from it, the imago being the 
same size as before, as shown by the dotted lines ; then, no re- 
flected rays will fall upon the sensitive plate, but they will all puss to 
the left of the lens. 



In oopying oil. paintings, it is important, , thoroforo, to use a Iona 
of long focus, so as to avoid introducing very oblique pencils. 
The fqflowjng. is another point, of equal importance. 1'f light objects 
are immediately behind the .camera, the light from them will strike 
the painting nearly at right angles, and then bo reflected into tfio 
camera. This will be avoided by the arrangement shown in Eig. 1 0, 
whioh explains) itself. 

Oil paintings should be placed in the sunshine and ft stop used 
to the lens. There. is no advantage in using n weak light in pho- 
tography. A strong light gives a quality similar to that which ia 
called “penetration' in microscopy j that is to say, it brings out 
the feebler details of objects. ■ 

Daguerreotypes should be copied in full sunshine, tho original 
being placed at the end pf the projecting front of an appropriate 
camera, and the light thrown obliquely upon it, (ns in Eig. 10,) 
through an open lid in the top of the box, the inside of tho box 
being blackened, or lined with, black velvet. 
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It now remains to add a few words on the mode of copying 
transparent negatives, by means of a copying camera. 

A good deal has been said on this head in the article on the 
copying camera, (see “ Copying Camera,”) and it only remains for us 
to discuss the various methods of obtaining a luminous background 
to the transparent negative. As this is n point which should be 
thoroughly understood, we shall endeavour to make it as clear as 
possible with the aid of a diagram. See Pig. II. 

Tire great principle to be borne in mind in the optics of photo- 
graphy is, that the object to bo copied is an assemblage of bright 
points, each of which is the origin of a pencil of rays, and that the 
image formed by the lens is an assemblage of foci of these pencils. 
Prom every point of the object a diverging pencil of rays proceeds, 
which after refraction through the lens is brought to a focus on 
the focussing screen. Now, in copying a transparent negative, the 
onse is evidently different from that of copying an ongmving or print 
placed in the same position 'with respect to the lens. For instance, 
in Pig. 11 j if AB is an engraving and C any white point of it, 
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nncl brought to a focus at c ; — but if AB ia a transparent negative 
and G a piece of transparent glass, it is evident that C cannot bo 
the origin of a diverging pencil of light in the same way ns before, 
unless rays transmitted through 0 from a luminous background 
behind, can be made to intersect at 0, and then pass on ns if 0 had 
been an origin of light. 

This being understood, let us suppose that the dotted line T) E 
behind AB is either the sky or an illuminated white screen. Then 
if 0 be considered a minute transparent hole, the sky or screen 
could be seen through it by an eye placed any whoro between l 
and m, and, therefore, rays MO;#, LG l> would intorsect at C, 
and produce the effect of a pencil diverging - from 0. A nd similarly 
of every other transparent point of the negative. It appears, there- 
fore, that when a transparent negative is copied with the sky or an 
illuminated screen as a background, the same effect is produced as 
if the transparent parts of it were opaque but luminous, and emitted 
diverging pencils of light. 

In all coses, the diameter of tiro stop, or lens, is small compared 
with the distance of the lens from the negative ; therefore the 
angles l Am, l Cm, llim, are small; and if, instead of the sky or an 
illuminated screen, DE were a convex Ions transmitting a pencil 
of light DAEB, which converges with great spherical aberration 
towards a focus in the neighbourhood of hu> tho same effect would 
be produced ns before. A lens of this kind is called a ” Condenser,” 
(See “ Condenser,”) and transparent negatives may bo copied by 
means of it, with either an artificial light placed behind it, or reflected 
sunshine transmitted through it. 

When any object is to be copied by superposition in the pyossnro 
frame, the ordinary printing processes may' lie employed which are 
described in the article on Printing. See “ Printing.” 

Corrosive Sublimate. Bichloride of mercury ; rj. v. 

Cosmorama Stereoscope. See u Stercoscopo.” 

Cribriform. (Latin ; cribs, a gridiron). When a paper nega- 
tive is^ viewed by transmitted light, it sometimes appears covered 
with intersecting diagonal lines, like network. This appearance is 
called “cribriform,” It is produced by the wive frame in which 
the paper is made, and is generally remedied by waxing tho paper 
properly ; hut sohietimes an insoluble precipitate is formed by the 
developer in the pores of tho paper, and then the cribriform appear- 
nuCe is more marked. Immersion in a bath of dilute muriatic acid 
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will sometimes remove tliis precipitate, and then by a long immer- 
sion in melted wax the paper may be rendered evenly transparent. 

Crossed Lens. This is the form of single convex lens which 
has the least spherical aberration. The refractive index of the glass 
should be l‘o, and the radius of the posterior surface six times that 
of the anterior surface, botli surfaces being convex. 

Crystal Varnish. See “Varnish.” 

Curvature op the Image. This is a term used in optics to 
denote the fact of an image not lying upon a plane, but upon a 
spherical or other curved surface. 

The “ venl image,” formed by a convex lens, is an assemblage of 
the foci of pencils which proceed from the various points of the object. 
The situation of these foci, whether on a plane or curved surface, is 
independent of the amount of sphoricnl aberration which may exist 
in ench or any of the refracted pencils. " Curvature of the image” 
is therefore a totally different thing from “ spherical aberration,” 
and the terms must not be confounded. 

There may bo considerable curvature of the image when there is 
no spherical aberration, and vice versd. 

As photographs are generally token on r flat and not a curved 
surface, curvature of the image is ft very serious evil in a photographio 
Ions. The mode of remedying it by increasing the radius of the held 
of these instruments, at the expense of other good qualities, is fully 
described in the article “ Lens,” See “ Lena.” 

Cyanide of Hydrogen. An acid resembling tho hydrochloric, 
liydriodio and other acids winch are called hydracids, because they 
contain hydrogen and not oxygen. The hydrogen, however, is not 
tho acidifying principle, but tho other element : they ought therefore 
to be called chlorhydric, iodhydric acid, &o. 

Cyanide or Mercury. Hg. Cy. This is tho usual source from 
which cyanogen is procured. The attraction of mercury for cyano- 
gen is so strong that peroxido of mercury decomposes nearly all the 
metallic cyanides, not excepting that of potassium. 

Cyanide of Potassium. K Cy. Tho principal employment 
of this salt in photography is in forming a small proportion of 
cyanide of silver with tho iodide, and in fixing, ^ie former of these 
uses is not to be commended. .As met with in bommeree, it often 
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contains half its weight of carbonate of potnssn, which is detected by 
the effervescence produced when an acid is added to its solution : 
from the usual mode of its preparation, it often also contains cymiate 
of potnss, but not in very large quantity, and tliis is not injurious. 
It is deliquescent, and especially so when contaminated with carbonate, 
but it is not soluble in cold alcohol. By dissolving it in boiling 
alcohol the impurities are removed, and on cooling, pure cyanide of 
potassium is deposited. When dissolved in water it may bo crys- 
tallized in cubes. It is as poisonous ns prussic acid (hydrocyanic 
acid) itself : the best antidote, and one very convenient to the pho- 
tographer, is protosulphate of iron. It is used from 2 to 20 grains 
to the ounce of water in fixing photographs, according to the purity 
of the article. Its properties for this purpose difi.br from those of 
hyposulphite of soda, and it is more energetic. Liko “ hypo ” it 
forma double salts with the chloride and other compounds of silver, 
which contain ono equivalent of cyanide of silver ancl one of cyanide 
of potassium s they are not decomposed by water ns the double salts 
produced by other fixing agents are, so that no apprehension need be 
entertained of precipitating cyanide of silver in the washing : and it 
dissolves much more silver on tliis account than weak hypo will do. 
It also acts more quickly 5 being weak, it is soon saturated, and is 
more quickly and completely removed by washing, so that very little 
comparative washing is required, It is never found to crystallize in 
the film, and but very few instances have occurred in which the 
washing has been so careless as to leave enough in the film to react 
on the picture, n Cyanide of potassium has also an affinity for 
oxygen, and has therefore considerable reducing powers, so that the 
oxides of copper and other metals thrown into it in the fused state, 
are presently brought to the state of pure metal, and the cyanide 
becomes oynnate. Tliis reducing power is also seen in fixing collo- 
dion pictures, which have a more metallic lustre when fixed with it 
than when the “ hypo” salt is used. All these are important advan- 
tages, but it is not adapted to fixing pictures on albumen, paper, ami 
negative collodion, from the power it lias of dissolving the organic 
basis, and reduced- silver in combination with it, ns woll ns tho un- 
altered chlorides and other salts. When it is used to fix pictures 
on the very active negative collodion, which: has ' been mentioned in 
the article on collodion, - it becomes quite red wifclu tho organic matter 
and silver which it removes from tho plate, and the picture becomes 
faint and yellow. The same 'thing, precisely, occurs' when it is used 
to fix paper impressions, and therefore it is not adapted to these 
organic pictures. When a collodion negative has density, and to 
or when the image is blue and raetnllic, negatives may bo fixed 


with this suit without danger. The solution of cyanide of potassium 
deteriorates very slowly when exposed to air, by the gradual produc- 
tion of carbonate of potassn. 

Cyan inn of Su.vmt. Ag. Cy, A whito salt produced by 
precipitating nitrate of silver with cyanide of potassium. It he* 
iuivcs like the chloride, but is less sensitive to light, and its use 
in photography has not been found practically advantageous. 

Cyanogen. C fl N. This is not an olcmontavy substance, but a 
compound of two atoms of carbon and one of nitrogen. It behaves, 
however, precisely like an element, and resembles the group of which 
chlorine la the most characteristic specimen. It thus unites with 
hydrogen to form an acid, and with the metals to form cyanides. I ts 
ail'mity for the less oxidablo metals is much greater than that of 
chlorine , 

Cyanogen Soap. Soap containing cyanido of potassium. 

Cyan owe Piioob88Bs. TIiobq are certain processes, discovered 
by Sir .folm Horsohol, in which cyanogen is employed. 

lat .Process. A piooo of paper is first washed with a solution of 
ferrul-oyanidoof potassium, (red prussiato of potass,) and dried. In 
thin state it is of a yoilowiah colour and highly sensitive to light, By 
Biillicimit exposure, cither in tho camera, or pressure frame under u 
negative, tho salt becomes converted into prussinn blue in those parts 
whin'd light has acted. To fix the picture, the paper must first be 
sonkoil in water, then iu a weak solution of carbonate of soda, and dried. 

Before washing, the shadows of tho photograph are of a lavender 
tint on a yollow ground, but after washing, of a deep bine tint on a 
whito ground. Prussian bluo is not a permanent substance ; perhaps 
immersing the papers iu tannic acid might blaokon the colour and 
inoroaso tho permanence of the precipitate. 

Tho aotion of light in this process is probably to oonvort tho 
ferrid-oynnido of potassium into tho fcrro-cyaniilo of potassium 
(yollow prussiato of potass) and form prussian bluo. 

%ml Process. A shoet of paper is first washed with ammonia* 
citrato of iron, and dried. It fa then of a yellowish colour, and sons!* 
li vo t o light. After sullloicnt oxposuve iu the camera, or pressuro frame, 
i. e , until an imago, is faintly perceptible, the paper is brushed over 
with a solution of ferro-cynnido of potassium (yollow prussiato of 
potass). This brings out tho pioturo of a deep bluo tint, winch 
becomes almost black if iho paper is allowed to got dry. 
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The photograph, in this state, is not permanent. It darkens all 
over in the davit by exposure to air. If washed with ammonia, or 
carbonate of ammonia, it is for a few moments obliterated, hut soon 
reappears with reversed lights and shades. In this state it is fixed, 
and after being thoroughly washed in water, the shadows are pure 
prussinn blue, which deepens by keeping. By this process negatives 
may be multiplied; hut it is so uncertain in its results, as to be of 
little or no practical value, at presold, 

The rationale of the process appears to ho that tho aminonio-citrato 
of iron, which is a persnlt of iron, is reduced by light to a salt of tho 
protoxide. This reacts on the fcrro-cynnic salt, and produces tho 
blue precipitate. 

- 3rd Process. Brush over a sheet of paper a mixed solution^ of 
ammonio-citrnte of iron mul forrid-cyanido of potassium, contain- 
ing about equal proportions of these salts. Dry it in tho dark. 
It is sensitive to light. After exposure, immerse it in water and dry 
it, when a blue picture will be produced. If this bo immersed in a 
weak solution of proto-nitrate of mercury, it is quickly blenched anil 
destroyed. The mercury salt being then thoroughly washed out of 
the paper, the picture may be reproduced by ironing it with a very 
hot iron. Tho colour is then brown, which fades gradually in tho 
dark, but may be restored at any time by ironing the paper aa 
before. 

These cynnotypo processes may be greatly varied by substituting 
for the ferro and loradtcyanide of potassium tho corresponding 
cyanogen compounds of many other metals, A wide field is open for 
experiments in this direction. 

Dagueiiheotype . Process. By this process a direct positive 
is obtained upon a silvered metal plate. It was first published by 
M. Daguerre, in Baris, in January, 1830. 

The picture is produced by means of tho iinpnlpnblo fumes of 
iodine, bromine, and. mercury, noting on a silverod plate which baa 
been polished to tho utmost.. The photo*ohemionl reactions con- 
sequently occur in an inappreciably email quantity of material, 
which is spread on tho photographic tablet with a uniformity not 
to be obtained by any other means. Hence it follows that ft lino 
daguerreotype exhibits microscopic perfection of detail, and perfect 
gradation of shades. Other processes, when compared with this, 
are course and imperfect in the results, and of all known methods of 
representing a natural object, tho Daguerreotype process is tho moat 
perfect and scientific. 

In a fine daguerreotype, the utmost delicacy of line is combined 



DAO 


with perlVel gradation of shade; tho details of the deepest ahadmvB 
nrt’ n« legible ns» ihtmc in lull light ; and the most, elaborate finish in 
blended with exquisite softness of ellVrl. in tone, nothingeim bo 
more beautiful than the varied hues of gold ami purple which Urn 
imago present!! when viewed in dill'crcul positions in a strong light. 

U ufortmuiioly, however, Urn very circumstance which gives such 
perfection lit tlio result, viz., the polish of the pluht, brings with it 
certain objections in uu artistic point of view ; ami these objections 
nro commlern.1 liy many to he ho serious that they me willing to 
re«t content. with an inferior photograph upon a dill'eronl tablet. 
Hence the pivwrnl popularity of the glass ami paper processes. But 
t he at’i’ompliMlitrtl photographer, who set’s in (Wary process its mvn 
peculiar merit m, will lurnlly veal satisfied with a sketchy production, 
when eulleil on. to exhibit the. utmost perfection of his art. Wo 
would therefore earnestly ('all the attention of our readers In this 
eU’guiit ami beautiful process, at present so uudeservetlly east into 
tins shade by others of leas merit. 

The mntttpulnfcion of the daguerreotype proem i« extremely ettHy 
wild certain. It involves Urn following live operations, viz. : 

Ut.—’To cl o nn and polish Urn plate, 
and render it aonsitivo. 
tlrd.—To expose it in the camera, 

'Hit.— 1 To duvolop the imago. 

Bth.—Tn fix the (mage. . 

The llnislu’.d pietviro is placed in a frame or pimse-partout, helimd 
n gla«H. Tim imago is permanent, and cannot he rubbed out by the 
linger ; nothing hut a chemical solvent will obliterate it. 

The silvered plates generally employed in this process are mimu- 
fiiduml in France, lSnglaml, and America. Tfie Kuglish plates 
urn the. hcst-~“l»ut they are dear. The amateur laid belter make Ins 
first experiments on the American plates of Hcovill and Do., or on 
the cheaper kinds of French plates, of which thorn arc many 
varieties. Hu must choose them as free from scratches ami spooks 
m possible, aw these defects cannot lie remedied Tim plates nro 
made by laying a thin sheet of silver foil upon a copper plate, auu 
then passing it between rollers, by which moans tho two metal* m 
ttmdc to lulhoro perfectly. Thu silver should contain no alloy. 
When the muuc plate has boon used several times, tho silvov woiu-fl 
©If, and tho pinto should thou bo ro-silvomd by tho olootvotypo 
iiroccns ; but nil scratches mul spoeka are faithfully oopiedj so that 
tills process docfi not a (lord a remedy for these dofeotai A aomtehod 
plate is iwelesMi, except for experimenta. The plate? Way bo out to 
tmv almiie by ft strong pair of soissora. 
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In what follows) the plate is assumed to he the quarter size, 

latf Operation. — To Glean and .Polish the Plate . — If necessary, 
cut a little bit off each corner, and bend the edges in a pinto 
bender. 

To clean tlie plate, procure some Canton flannel, mid a box of; 
prepared rotten stone with a muslin strainer. In a pint bottlo mix 
one part nitrio acid and twenty parts distilled water. 

If the plate has been used before, and lias been submitted to the 
gilding solution, the image must be removed by a liquid sold under 
the name of “ Gilding Dissolvent j” the directions lor using which 
will be found on the label of the bottle. 

If the plate lias by accident been in contact with mercury, it must 
be heated oyer a spirit lamp until the whole of the mercury lias 
been volatilized and expelled. 

Then proceed to olean it in the following manner ; — 

Cut the Canton flannel into pieces about two inches square. Lay 
one of them on tlie plate, and pour on the baolc of it a Jew drops of 
dilute nitrio acid 5 rub the damped flannel all over the plate, going 
well up to the comers. Then powder a little rotten stono on Iho 
plate, and rub it all over with the bit of flannel, with a circular 
motion, until it is clean. Beware of scratching the plate. By 
scratches are not meant • the fine circular marks loft by the rotten 
stone, and which are removed on tlie buff, but tire deep cuts mtulo 
by a crystal of sand or dust on the flannel. When the plate is 
clean, it presents the grey appearance of unpolished silver, and is 
free from stains or marks. When you have cleaned thofaeo of fclio 
plate; clean the back with the same piece . of flannel, and then with u 
fresh piece of flannel rub the face again until it is dry. The clean 
plate must not be touched by the fingers. 

To polish the. plate, procure some prepared chnrooal and a couple 
of buffs. Tie tip :about an ounce of the charcoal in a pioco of 
cambric, and keep it in a box with a lid, in. order that no dust may 
stick to it, The buffs are made in the following manner. Procure 
two pieces of wood 16 inches long, 0 inches wide, and I inch 
thick. Screw a strong handle on the back, at tho end of ouch. 
Cover one with fine velveteen, and the other with cotton velvet. 
Tlie cord of tho velveteen is to bo put across the buff. When not 
in use keep them face 10 fa«e. 

Powder some charcoal nil over each buff with tho dnbbcr, nrnl 
rub them together. Then, taking tlie velveteen buff in tho left hand, 
and resting tho end of it on a table, lay tho olonn plalo face down- 
wards on it, and with tho fingers of the right hand on the back of 
the plate, rub it up and down the buff vigorously, in every direction. 
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sideways, longways, diagonally, until you lmve polished it, and re- 
moved the cirajlar marks of the rotten stone. Change continually 
the position of your fingers on the back of the plate, and in order 
to prevent them from slipping oft' on to tlio bull 1 , breathe on them 
occasionally, or wear a leather glove. If they slip 1 on to the bull', 
immediately powder some charcoal upon the spot. 

"When the plate is thoroughly polished it looks black, and not 
grey. Polish well up to all the corners and edges, and then put it 
away into the plate box. Clean and polish enough plates for Urn 
day's use, before proceeding to manipulate. A plate may be cleaned 
nnd polished in two or three minutes in the manner described, lml, 
it is hard work, nnd may be handed over to an intelligent assis- 
tant. The remaining processes are extremely neat and elegant ; 
much more so than the collodion or paper manipulation. 

2nd Operation.^— To render the Plate Sensitive . — Powder some 
charcoal upon the Velvet buff, nnd rub the polished plate lightly up 
nnd down for half a minute. The fine lines loft by the buff across 
the pinto, must be horizontal, when you are looking at the picture ; 
remember this wlion giving the last rub to the plate. 

The plate is now ready to receive the sensitive coating. 

Procure a double coating box, containing two compartments, one 
for iodino, the other for bromide of lime, and furnished with re- 
flectors. See that the sliders fit air-tight over the glass pans. ( Put 
an ounce of iodine into one pan, and four ounces of bromide of lime 
into the other. Spread them evenly over the bottom, and lay some 
cotton wool thinly divided over the iodino, in order that the fumes 
mnv be filtered, as it were, nnd rise moro ecpinlly. 

Place the coating box between yourself nnd a small window, 
shaded by a white blind, and open the back shutters of the coating 
box so that a feeble white light may enter, nnd be reflected from lliu 
mirrors. 

Place the pinto face downwards over the iodine, draw out the 
glass slider, nnd observe by means of the mirrors tho olumgoa of 
colour which tho pinto assumes. These ocenv in tho following 
order, viz., pale yellow, deep yellow, rose colour, steel colour, tlm 
original colour of tho plate; after which tho colours roour in the 
same order as before. _ 

Xienve tho pinto over tho iodine until it assumes the deep yellow 
colour bordering on rose. This may ououpy from ono to: throe 
minutes, according to circumstances. Then pass if on to the 
bromine. Lcavo it over tho bromine until it assumes a bluo stool 
colour. This may occupy from twenty seconds to two minutes, 
according to circumstances, Then shut the? back shutters- of the 
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coating box, and draw a yellow blind, formed of three lasers of 
yellow calico, before the window. Return the plate to the iodine, 
and let it remain from ten to twenty-live seconds, according to cir- 
cumstances. 

The white light which falls on the plate whilo you are observing 
the colour, produces an effect, for the pinto is certainly sensitive nt 
that time, but the second exposure to iodine obliterates that effect, 
and renders it harmless. If therefore any accident occurs in taking 
a picture, even should it be exposed to broad daylight in its sensi- 
tive state, the effect of the light may bo obliterated by exposing it 
once more for a few seconds to iodine. The pinto need not bo 
cleaned, polished, and sensitized again. 

The plate is now ready for the camera, and the sooner the picture 
is taken the hotter. It may, however, be kept in a sensitive statu 
for some hours, when proper precautions are taken. 

3 rd Operation— To Expose in the Camera . — The exposure in the 
camera is effected in the usual way. The time of exposure is n 
matter which can only bo determined by trial. The details in the 
deepest shadows may always be obtained by sufficient exposure 5 it 
is a mere question of time ; but the lights become blue and solarized 
by over exposure. Tt is difficult, therefore, to include successfully 
very violent contrasts of light and shade, and this should not be 
attempted as a rulo, for the great charm of this process consists in 
the beauty of the half tones. In landscapes, however, the blue 
solarization of the sky is an improvement to tho picture, and the 
blue tint generally softens down to ft warmer tono on the horizon, 
which gives a very charming effect. 

4th Operation. — To develop the Tmape.-r — Employ a mercury box 
of any shape, provided with a thermometer. Filter about a table- 
spoonful of mercury into the pan, through a filter with a very small 
bore, but do not let the filtered mercury fall from a height into tho 
bath, as it oxidizes in passing through tho niv, and the globules on 
reuniting become covorcd with a groy film of oxide, which boats on 
the top, and prevents the vapour from rising so quickly ns if thu 
surface were clean. .... 

No picture is visible when you romovo tho pinto from tho camera. 
Place it over the mercury, and heat the morouvy with a spirit lamp 
to a temperature of about 1'10° Fahrenheit, t In a few minutes tho 
picture will be developed. The time iviU . dopond entirely on tho 
size of the box, a large box requiring moro Imho than a small 0110. 
From three minutes to a quarter of an hour are about tho extreme 
limits of the time required. Bemove tho plate and examine it now 
imdfthen by a yellow light. Push the development as fur as pos* 
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sible, in order to get out all the details. If you over-develop tho 
picture, or much overheat tho mercury, tho shadows will be covered 
with minute specks or pellicles. If tho plate has been exposed to 
too much diffused light, a white film of mercury will be deposited 
upon it, which will obscure tho details, or injure tho vigour and inten- 
sity of tho blacks. If you undor-develop the picture, the lights 
will want solidity, and tho details of the shadows will bo defective. 

When the image has been developed in the mercury box, the 
plate may bo exposed to moderate daylight ; mu! tho fixing process 
may he deferred till a convenient opportunity. 

5 Hi Operation. — To Fix the. IHcture. — The fixing process includes 
two operations. The first , consists in removing tho coating of 
iodine and bromine, by means of hyposulphite of soda. The second 
consists in gilding tho image by means of a hot solution of sel d’or, 
which has the effect not only of improving tho tone, but nlso of 
cementing tho image firmly to the plate, so that it cannot bo rubbed 
oil' with the linger. 

Make a solution of pure hyposulphite of soda in distilled water; 
the strength is not material] say one ounce hypo to ton ounces 
water. Filter it carefully into a small upright glass bath, like I, lint 
used for nitrate of silver. Hold this obliquely in tho loft hand, and 
lot tho plate slide in, with its back on tho vtndor side of the bath. 
Wo recommend this mode of immersing tho plato in tho hypo, because 
if the plato is immersed in a horizontal bath, it sometimes happens 
that two waves of fluid moot in covering it, and this forms a lino 
across tho picture, which cannot afterwards bo removed. If tho 
back of the plate is dirty, it contaminates the hypo, and occasions 
stains on tho face ; lionoo tho importance of cleaning the hack of 
tho plate. Tho hypo very quickly removes the steel colour of tho 
iodine, and leaves tho mercury, which forms the lights of tho 
picture, adhering to the Bilvoral plate, the black polished silver 
forming tho shadows of tho picture. When tho steel colour has 
disappeared, pour tho fluid into the funnel, lot the plate slide out 
Of the hath into yoqr hand (taking cave that the luce of the picture 
does not touch tho glass), then holding it horizontally, pour upon it 
filtered rain-water, from a bottle having a cork into which a small 
glass tube is inserted. This washing removes tho lost trncos. .of 
hyposulphite of soda. ° . 

In tins state, tho picture may bo easily wiped off the .pinto. <‘.. 4 / 

The next operation consists in gilding and fixing tho picture. ■ ! 

Place the plate (still wot) on a levelling stand iYinnisliori with 
screws, Then pour upon it the following soluUon'of sol d’or s~ 
ao ozs^distillod. water, ■ 

I gramme (15 grains) sol (Tori 
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Pom- tlie solution into a ..small funnel having a tuft of cotton 
wool in tlie neck, and let it filter drop by drop upon fcho plate. Cover 
the plate with as much fluid as it will hold. 

Light a spirit lamp with a large wick, a»ul holding it underneath 
the plate, heat the fluid to the boiling point. Do not let the flams 
remain for two seconds on the same spot, but pass it rapidly from 
place to place, and from corner to corner. Watch tlie changes of 
tone which the picture assumes. After a few seconds it darkens 
slightly, and then begins to clear up. Tho lights become whiter mid 
the shadows blacker. After a time bubbles show themselves in tho 
boiling fluid. The toning and fixing has now about reached its maxi- 
mum. Do not let any bubbles adhere to tho plate j a spot would 
occur wherever this happened. To prevent this, strike the tablo 
every now and then with your left hand, to communicato vibration to 
tlie plate, and detach tho bubbles. 


When the picture has been sufticiently toned, take it by one cor- 
ner in a pair of nippers and pour off the fluid. Pour on it distilled 
or filtered rain water out of a bottle as before, and then duy it by 
applying a spirit lamp to the back, in tho following manner :~ 

Hold it in tlie nippers, inclined at an nnglo of about 46° to tho 
floor ; begin with drying tho upper cornor, and proceed gradually 
downwards. As the fluid dries oft, a lino of wet gradually recedes 
downwards before the lamp; follow this lip by blowing on the pinto, 
and remove the last drop from the lower cornor by n piece of blot- 
ting paper. 

If the amateur finds a difficulty in drying' the plato, ho may lot it 
dry spontaneously, in a vertical position, resting on blotting paper. 

The picture is now finished. It cannot bo rubbed oil' with tho 
finger 5 it is fast and permanent. Put it at onco in the pnssc-pnr- 
tout. But before sealing it up, blow off any dust there may bo upon 
it, by means of an Indian rubber syringe, kopl for tho purpose. 

It sometimes happens that the plato on drying becomes covered 
with minute black spots, These may bo removed by a very simple 
method. Iimueraethe plate in water, put. it -on, the levelling stand, 
and pour on it a dilute solution of cyanide of potassium. This will 
remove tlie spots. Wash it in water, and dry it as before. Some 
operators fix with cyanide instead of hypo. 

■ f he room in which the plate is sensitized should not bo coldor 
Uum that m winch the pieturo is taken, or than tho exlormd air whon 
taking a view ; for if a cold plato bo taken into a warm situation 
the dew condenses upon it, and although a picture may be obtained 
m the mercury box, (and apparently n good picture,) it is novortho- 

™Tr Sl ! C t( ! • * or .| on « ^ Picture properly, and it assumes a 
greenish tint, and is easily rubbed off tho plate. J 
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In owlet fully to appreciate tlie beauty of a daguerreotype, it 
should be viewed in sunshine with your back to the light. The 
ultimate tint depends in great measure on the observance of the pro- 
portions of iodine and bromine in the sensitive coating. 

A daguerreotype is permanent ; the picture cannot be rubbed off; 
the plate j the plate cannot bo broken by accident ; the picture will 
bear microscopic investigation. Other processes have their merits, 
but this is the triumph of the photographic art, and n boon to 
science. 

The theory of this process is so exceedingly obscure and uncer- 
tain that at present any attempt at explanation of it must involve 
much that is hypothetical. 

The sensitive Him is supposed to bo at first in an amorphous state, 
but to be crystallized and roughened by the action of light. The 
mercurial vapour adheres to this roughened surface and forms tho 
lights of the picture by amalgamating with the silver. The iodine 
and bromine are removed by tho hyposulphite of soda. Tho boiling 
solution of sol d’or appears to act by elective affinity, in tho follow- 
ing manner :—Sel d’or is a double hyposulphite of gold and soda. 
An atom of silver of the plate changes places with an atom of gold 
of the solution. The sol d’or therefore becomes converted into a 
double hyposulphite of silver and soda, and gold is precipitated. 
The gold, silver, and mercury form an amalgam which adheres 
tightly to the plate, assisted perhaps by tho expansion and subse- 
quent contraction of tho metal on oooling. This forms the lights of 
tho picture, purple under one aspect, and golden under another. Tho 
shadows, where no mercury exists, are blackened and enriched by tlio 
precipitation of gold. 

Such appears to be the theory of this very beautiful process. 

Damask;eenino. This is a process for ornamenting the surface of 
polished iron, steel, or other metals, with various devices in a differ- 
ent. metal oitlior deposited upon, or inlaid in the surface to bo ornn- 
* mooted. It has been attempted lately in Franco to employ photo- 
graphy in tliis process, but as yet the results obtained are too imperfect 
to. render anv account of the experiments necessary or desirable in tliis 
place. Still, this application of photography may one day be suffi- 
ciently perfected to open an important branch of industry. 

Dammau. A white rosin brought from India, where ilia used 
for various economical purposes. It is tho produce of tho lHnm 
dammara or Shoroa robusla, and contains two parts, one soluble 
in alcohol, tho other not..** It is solublo in benzole, and makes 




nil excellent varnish for positives and negatives on glass, See 
“Varnish.” 

Dark Lines op Spectrum. See “ Spectrum.” 

Decoloration. Solutions which have become discoloured by 
organic matter may be decolorized by mixing with them auimid 
charcoal, or kaolin, shaking up well together, then allowing the kao- 
lin to settle, and carefully decanting the liquid. The nitrate 
hath used in printing positives, particularly on albumcnized paper, 
soon acquires a brown tint, which may bo removed in this way. 
lCaoliti is the best substance to employ. In the case of charcoal, 
certain physical conditions arc necessary, in order that it may possess 
decolorizing properties. It should be porous, minutely divided, 
mid of n dull aspect. The decolorizing property is chiefly possessed 
by charcoal obtained from animal matters, vegetable charcoal having 
blit little efficacy in this respect. There is, however, mi important 
objection to the use of animal charcoal, for it not only withdraws 
organio colouring and odorous matters from solutions, Cult has also 
the property of abstracting certain inovgnnio salts from their solutions. 
It should therefore bo used with caution. Kaolin is certainly pre- 
ferable to it. Pipe clay, and fullers’ earth, have also be,en used as 
deodorizers 5 q. v, 

Deliquescence. ‘When a salt becomes moist by exposure to 
tlie air, it is said to “ deliquesce.” 

Depth op Chemical Pocus, Suppose a small direct pencil of 
white light to be refracted through a single convex lens. Since 
white light is not homogeneous, but composed of rays of different 
refrangibilitios,:the poncil will be decomposed by refraction through 
the lens into ponoils of the various colours of Iho spectrum, red, 
orange, yellow, green, blue, indigo, violet ; and each of these 
pencils will have its particular focus, tho reel-being furthest from 
and tho violet nearest to the lens. Lot r, 0; y y g, b, i\ v, bo these 
various foci arranged in tho order in which they occur. Then, ns 
the rod, orange, and yellow rays have little or no chemical action, 
that action, commencing with the green and terminating with certain 
invisible rays beyond tlio violet, tho spaco.botwoou y and a little 
beyond v, is called tho depth or chemical roous of tho Ions. 
In a single lens this depth of chemical focus -ifhso considerable that 
the lens cannot be said to havo any true chemical focus, and a son* 
drive plate may be placed anywhere within a certain space lying 
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}H\wm b mill v, nnil equally good (or equally, bail) pictures mav bo 
obtained. 

, VVhmt a Ions is corrected, as it ia called, for chromatic nbomi- 
tion, by combining two lenses of dill'event kinds of glass, two 
of the loci, i) and v, for instance, arc united, and Urn other foci are 
brought nearer to this combined focus y v. The depth of ehoitiicul 
focus iR, therefore, greatly diminished, and tho point where the 
maximum of chemical action takes place is also that of the maxi- 
mum of luminosity of the image. When thumb lenses of thumb 
different kinds of glass aro used, Timms of the coloured foci may bo 
combined ; and with n lenses n foci. 

When the greatest possible amount of sharpness of a photograph 
is desired, depth of chemical foous must bo considered a defect, but 
when a tolerable average of definition has to bo struck between 
the images of objects at very different distances, a little depth of 
chemical focus in tho lens may bo tolerated, because a pioturo in 
moderately good focus all ovor may be considered better than one 
which is very good in one part, mul very had in another. In 

S wnl; however, depth of chemiclil focus must bo considered a 
ot. A single Iona is comparatively useless for photographic 
purposes, because of its groat depth of chomionl foods; ;> 

Dbvbi,oi>ment. It is somewhat difficult to give an exact defi- 
nition of this term, ns used in photography. If it is defined to bo tho 
production of a visiblo picture from un inmiblo impression, then 
the term would not iucludotho case of the printing processes in wh ich 
a faint vkifilo imago produced in' the pressure frame is intensified or 
developed with gallic acid. If, on the other hand, wo consider deve- 
lopment to lie merely an intensifying process, then all the various 
methods of tminy would come under the head of ileoolopmeiU, which 
would lend to confusion, and he objeolioimblo. Suppose, then, 
wo define development to bo the process which immediately follows 
exposure, and which renders the picture visible in all its details. 

In nil the oommon development processes tho imago acquires fresh 
material. In tho ease of tho daguerreotype process that material tfc 
mercury ; in tho negative processes with tho salts of silver, it is silver* 
or silver combined with organic matter 5 in tho ■ ohryaotypo process 
it is gold i and so mu But tho principle on whieh dQvelopmeU't llro- 
eceds is different in different processes, This will be midorstobd by 
.a lew examples. ^ 

If a design bo traced with the finger on a wintlow'prinefhntl we 
then breathe on the glass, the dew oendenaos’ on those parts which 
have not been touohed by tho finder, -The design^ ‘therefore dbve» 
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loped by steam, and rendered visible, dew being deposited on some 
parts of the glass and not on others j in other words, material is 
added to Some parts and not to others, If an iodized silver plate is 
exposed in the camera, and then submitted to tho vapour of mercury, 
the vapour adhores to those parts of the plate which havo been modi- 
fied in some way by the action of light, but not to tho parts where 
light has not noted. Tito lights of the piotnro are therefore “ brought 
out” or “developed” by the mercury ; that is to say, the lights 
acquire fresh material, wliioh renders them visible, 

In the case of a collodion negative, light affects in some Way 
those parts of the film on which it acts ; a solution of a dcoxydizing 
body, such ns proto •sulphate of iron, or pyrogallio acid, is then poured 
over the plate } this mixes at once with the free nitrate of silver on 
tho plate, and would at once decompose it and prcoipitnto silver 
indiscriminately all over the film, wero not that effect prevented for a 
time by acidifying tho developing solution with acetic acid. Wo 
have then an acidulated mixture of the proto-salt of iron or pyro- 
gallic noid with nitrate of silver floating upon a film, parts of which 
have been noted on by light. Now these parts havo tho property of 
decomposing tliO: unstable fluid in contaot With them, and of attract- 
ing in this way ft precipitate of silver (or of silver combined with 
orgnnio matter), which is thrown down upon them only ; so that a 
visible picture is produced by the addition o/ frnh malarial to tho 
parts where light has acted. ' 

The same thing happens in the chrysotypo process, although in 
tliis case the develqper is not a dcoxydizing but an oxydiziug sub- 
stances , In tins process a sheet of paper is first impregnated with 
apefsalt of iron. or uranium, (tho per-oXnlnte, or ammonio-citrnte of 
iron, or the nitrate or tartrate of the sesquioxido of uranium,) and 
then exposed to light, The metallic salt’ is deoxydized by light, 
and reduced to a proto-salt, a faint Visible imago being produced, 
The picture k then Immersed in a solution of ohlorido of gold, which 
is an oxydizer, for it parts with oxygen from the water to the reduced 
iron salt, The liberated hydrogen unites With the chlorine, and 
metallic gold is precipitated of a dark purple colour. Here then 
again the picture is mroduCed by the addition tof material to tho parts 
where light has acted, ; ■ ^ 

Should, however,' any process be discovered, in which a developer 
acts by wiihdi'aibitiy material from tho senaitiyo film, that would 
not invalidate the definition we have given of development. , « 

In the collodidnproccss, both positives and negatives, may be pro- 
duced by development. In the case of a positive the piotuvo Js 
looked at> and the precipitated metal which forms tho lights, must 
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bo while. This is effected by acidifying tbe nitrate bath and deve- 
loper with nilrio ncid, which onuses pure white silver to bo thrown 
down imcontaminftfcc.il with organic matter. Xu the case of a negative 
the picture is not to bo looked at but printed through , and the pre- 
cipitated material must possess sufficient density to stop the light 
from passing through too readily. In this ease it is found that 
organic matter must be combined with the silver thrown down. 
This is accomplished by using an organic acid, such ns acetic or 
citric, instead of an inorgnnio acid, as nitric. In tlie negative pro- 
cess the dark parts of the picture should at first bo red, and should 
then slowly acquire density and pass ultimately to ft brown or purple 
black. This red tint, in ‘the early stage of the development, indi- 
cates tho presence of a reduced organic salt of silver, which acts 
powerfully in attracting more material to itself. When the picture 
comes out grey at first instead of red, this indicates that the mate- 
rial is move metallic and contains less organic matter; it cannot 
then bo easily intensified to a proper degree. When organic matter 
is introduced too freely in the positive collodion process the lights of 
the picture are brown or drab, instead of white, which interferes 
greatly with its beauty, although in detail and gradation of shade it 
may leave nothing to bo desired, $}• • ■ 

Deviation. When a ray of light is refracted or reflected at the 
surface of any medium, and follows a different course to that which 
it had before, the angle through which it is turned out of its original 
path is called its deviation. Tor instance, if Q,It be .a ray of light 
incident on tho surface of a medium at It, and It 8 its path after 
refraction or reflection at It, then, if Q,lt bo produced to T, tho 
angle TltS is tho deviation of tho ray. 

Tho term ‘'deviation” must not be confounded with "aberration.” 

Dew ; Dew Point. — When a glass of iced water is brought into 
a warm room in summer, dew is deposited upon it, from the condens- 
ation of- the aqueous vapour in the air by the cold glass, Eor the 
same reason, if a cold glass lens bo taken into warm air, it becomes 
covered with dew, andtliis interferes with the production of a sharp, 
dear picture. Sometimes a patch of (low on tho middle of -ii-fens 
will produce a patch of indistinctness and fogginess in the centre of 
tho picture. It sometimes happens also in the paper proccpos, that 
when the excited paper is placed in tho slide behind a glass, instead 
of being attached to tho front of it, the cold glass becomes 'covered 
with dew on being taken into the warm air, which of course ruins 
tlio picture if exposed 1 before tho dew has ofhpfated., In tho 
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daguerreotype - process also, if a cold plate is placed in summer over 
a warm solution of bromine, or if a cold iodized plate is taken into 
the warm air, dew condenses upon it, mul this interferes with the 

production of a fine picture. , . . , . , 

The dew point is tlie temperature at which dew begins to bo de- 
posited; it varies according to circumstances. The temperature of 
the lens, at the time of using it, should be above the dew point. 

Dextrine. (Latin, dexter, right). When starch is heated care- 
fully until vapour rises from it, it becomes solublobotli in cold and hot 
water, and loses its gelatinous character. Starch thus altered m 
character is called " dextrine,” or “ British gum, or torrefied 
starch. 1 ’ It baa the properly, 'when acted on by polarized light, ol 
turning tlie plane of polarization to the right j hence its name. ^ 
Dextrine of a pure form and very white may bo made by moist- 
oning 1000 parts of dry starch with dilute nitric acid, composed ol 
2 parts concentrated acid, and 300 parts of water. The mixture is 
made into small blocks, which are first dried in the air, and then in 
a drying stoveexposed to. hot air, at a temperature of lfi() . Ahoy 
are then pulverized, and again dried at a heat not exceeding 380 . 

Another mode of producing dextrine is by the action of diastase. 
Dextrine is also produced by the protracted action of dilute acuis at 
a high temperature upon starch. , 

Dextrine is of a pale buff colour, insoluble in alcohol, and not 
blued by iodine. It is a valuable substitute for gum, being mom 
flexible; and less brittle when dry. It is applied to the back oi 
postage stomps.: 

Dextrine an&fistaroh have the same chemical composition. 

Diamond Cement; Chinese Oemcnt, Soak isinglass in water 
until it is soft; then dissolve it in the smallest possible quantity of 
proof spirit, with the aid of a gentle heat. In 3 drachms ol this 
dissolvo 10 grains of amnioniacum,* and while still liquid, add n 
solution of 2 drachms of mastic in 8 drachms of rectified spirit; 
stir them - well together, and put the mixture into small bottles, 
which are to be kept : covered. 

When used, the cementis to be liquefied by putting the bottlo 
into hot water* The: oftener it ia heated, the bettor it gets. It 
resists tlie action of water. 

Diaphanoscope. (Gv. Sm^avoc, transparent j ffrorrew, I sco.) 

• +• Ammoniaonm la mado "by mixings ounces of .cnvbonato of ammonia with Z 
U?f£Q»ma of ethereal animal oil, * 
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A dark box for exhibiting transparent pictures, with or without a 
lens, 

Diapkuagm. (Dr. Suuppuypa , a partition). A partition with a 
liolo in it, used in various optical instruments. 

Dia positive. A positive intonded to bo viewed by transmitted . 
light. . 

Diatiieuman ous. (Qt. Si«, through ; fltp/i??, heat.) Ilcat can 
be transmitted through certain bodies almost without impediment, 
just ns light through glass. These bodies are not necessarily trans- 
parent, or diaphanous, but are sometimes partially opaque to light, 
They are said to bo “ diathermanous.” 

Hock salt is the most diathermanous substance known ; it trans- 
mits 93 per cent, of the heat rays, from whatever source they may 
be emitted. Sulplmto of copper, •which is transparent to light, is 
“ athermanous,” or opaque to heat. 

Hock salt is tho “ true glass of radiant heat.” It can be cut 
into lenses and prisms, and used for decomposing heat by double 
refraction, &o. 

' Diffraction, See “ Light.” 

Dimorphous. Substances which exist in two different forms 
are said to bo “ dimorphous.” Solids sometimes change their 
molecular arrangement, and become dimorphous. The axles of rail- 
way carriages are made of tough fibrous wrought iron, but by fric- 
tion, vibration, and changes of tomporatuvo, they become crystal- 
line in stmoture, and brittle. This is an example of dimorphism. 

Dippeb. The holder for the glass plate when immersed in tho 
nitrate bath. It is sometimes made of silver wire, with hooks nt 
tho bottom to hold tho plate, but moro commonly of glass. Dor 
this purpose a strip of pin te glass should bo used, about one-third 
the width of the plate, and an inch or two longer than the depth of 
tho bath, and having a strip of glass cemented across it at tho 
bottom to receive the glass plate.* The cement generally used is 
marine glue, but shellac, or scaling wax, answers verv well, and if 
these are not nt hand, spirit varnish may be used. Tho ond of tho 
dipper, and ulso tho cross piece, should bo heated with a spirit 
lam)), or before the lire, and the cement applied, tho pieces being 
pressed into close contact while tho cement is hot and perfectly fluid. 
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Dispersion. This term is used in optics to denote the separa- 
.on of a ray of heterogeneous light, by refraction, into its component 
ays of different refrangibility. 

Different transparent media have different dispersive powers, that 
s, dilferent powers of widening the angle between the red andviolct 
ays, after the refraction of a ray of "white light through a prism of 
riven angle, at a given angle of incidence. In optical formula) tho 
neasure of the dispersive power of any medium is a fraction, tho 
;erms of which are determined ns follows : — 

Lot fx - 0 be the refractive index for the violet ray. 
fx r for the red ray. 
fi for the ray of’ mean refrangibility. 

Then, the measure of the dispersive power of tho medium is the 
fraction 

hv — f*r 
— 1 


Tho dispersive power of chromate of lend is 
„ „ phosphorus . . 

3> ‘ ; „ oil of cloves . . 

„ „ flint glass . . . 

„ „ Canada balsam . 

„ „ diamond . . . 

„ „ crown glass . . 

„ „ alcohol . . • 

„ rock crystal . . 

„ iluor spar . . . 


•4 

•128 

•062 

•052 

•045 

•038 

•034 

•020 

•020 

•022 


In an achromatic lens, formed of two single lenses in contact, the 
focal lengths of the single lenses are proportional to tho dispersive 
powers of. the respective glasses. 


Distension, Irrationality of. " By measuring tho spectra 
in Fraunhofer’s manner, it is found that tho distance between any, 
the same two fixed lines of the spectrum has not a constant ratio 
to the distance between the extreme fixed linos : whore different 
media are used. This circumstance is called the ‘ ImtionnLity of 
Dispersion.’ ^ 

“If refracting media lmd no irrationality, then* in providing ft 
combination such that two given lines should not be separated, wo 
should at the same time unite lights of all species. But, since the 
colours are disproportionately dispersed in different media, tho other 
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lines will, in such a cnso, be very nearly, but not exactly united. 
(Griffin’s « Optics,” pages 95 and 100.) 

Dissolving* Views. The transparent slides for dissolving views 
may be printed by photography * See “ Transparencies ' and “ Magic 
Lantern.” 

Distortion . When the Imago formed by n lens on the focussing 
screen of a camera obscuva does not satisfy the conditions imposed 
by the rules of perspective, it is said to be distorted. _ 

Distortion of the imago in the camera obseura is m general pro* 
duced by the excentvical incidence of the oblique pencils. Its cilect 
is to render all straight linos which do not pass through the centre 
of the picture curvilinear, and also to exaggerate tho dimensions ox 
certain objects in the picture, with respeot to_ others, in a way winch 
is opposed to tho principles of true perspective. V\ o shall explain 
how distortion avisos when a large view lens is used with a dia- 
phragm in front, ns this arrangement oilers an illustration ot the 
evil in a very marked degree. 
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The small oblique excentrical pencil 
!? II, incident at m, is bent out of its 
course bv refraction through the mar- 
gin of the lens, and comes to a focus 
ut a. Similarly, the pencils from Q, It, 
have their foci at b t c. The image given 
by the lens is, therefore, the triangle 
a 5 c. This triangle, is smaller than 
A. 13 C ; but, if the distances A a, BA 
C c, tiro proportional to 0 A, 0 B, 0 0, 
the two triangles will be similar figures, 5 
and there will be no distortion. But 
it happens that the decrements A a, 

B A 0 c } are not proportional to the 
rndinl lines OA, 0 B, 0 0, but increase 
move rapidly than these do. There is, 
therefore, distortion of the image, as 
shown in the figure, 

Double Iodide. By this term is meant <f double iodide of 
silver and potassium,” — that is, a solution of iodido of silver in 
iodide of potassium ; a my strong solution of iodido of potassium 
being capable of dissolving a small quantity of iodido of silver. • 

Double iodido is used in the calotype process, and is made thus : — 

Dissolve in ono measure 20 grains of nitrate of silver in about an 
ounce of distilled water (the quantity is not material), and in another 
mensuvo dissolve 20 grains ol iodide of potassium in about the smuo 
quantity of distilled water. Mix the solutions. The mixture im- 
mediately becomes yellow and turbid, and a yellow precipitate, which 
is iodido of silver, soon subsides. Pour oil' ns much as possible of 
the liquid (which contains nitrate of potass), then add an ounce of 
distilled water to the precipitate, and ns much iodido of potassium 
in crystals ns will completely dissolve it, and render the solution 
colourless, hut no More. The quantity required will be about 200 
grains. Shako well after cadi addition of fresh crystals, and wait 
till they are dissolved before adding more, proceeding cautiously 
towards the last. 

Double iodido is rendered turbid by tlio addition of water, but 
the turbidity may be removed by adding crystals of iodido of 
potassium. 

Double Behiactiox. See “ Light.” 
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Dragon's Blood. A deep ml rosin brought from the East 
Indies, It is soluble in ether and alcohol, and also in alkaline solu- 
tions. It combines with metallic oxides, forming red compounds. 
The alcoholic solution is much used in lacquers, to which it imparts 
a red colour. 

Duy Collodion Process. If a collodion plate, excited in tho 
usual way, is allowed to get dry, without having previously washed 
off tho free nitrate of silver, tlio yellow layer of iodide of silver dis- 
appears, and tho film becomes transparent and insensitive. This 
arises from tho fact that iodide of silver is soluble in a concentrated 
solution of nitrnto of silver j so that, as tho moisture evaporates 
from the film, tho free nitrate becomes concentrated, and dissolves 
tho iodide of silver, forming a double salt, which has been called 
iodo-nitvato of silver. In order, therefore, to use the collodion film 
in a dry state, it is found nooessnry in the first placo to remove the 
greater part of the free nitrate of silver by washing 5 and another 
condition is, that tho collodion shall adhero tightly to tho plate when 
dry, and not contract, .or form blisters when the solutions are 
applied to it a second timo, after having been once dried. 

All these conditions are fulfilled by tho simple and excellent pro- 
cess of Dr. Hill Norris, of Birmingham, which is as follows : — • 

The pinto is oollodionizocl and excited in tho usual way, and then 
washed with distilled water, until as much as possible of the free 
nitrate of silver is removed. This done, a solution of gelatine is 
poured over it, made by dissolving 80 grains of gelatine in 20 
ounces of distilled water at tho boiling point, filtering while hot, 
and then boiling down to half tho quantity, stirring well with a glass 
rod, and, when cooled down a little, adding I J- ounces of alcohol. 
Before applying this gelatine preservative solution, it should bo 
heated by immersing tho bottle containing it in hot water, and 
poured over tho plate hot. Tho plate is then left to dry spontane- 
ously, or it may bo dried by artificial heat. 

Plates so prepared may bo kept sensitive for many months 5 Dr. 
Norris says indefinitely. 

The exposure in the camera musk be much longer than in the 
wot process } as long, perhaps, as for waxed-paper. 

The development is accomplished thtis : — The plate is first. im- 
mersed for five minutes in a dish of distilled water}, thorLithjpiuSunl 
mixture of pyrognllio and noetic noid is made in a oliomionljy .clean 
measure, and a fow drops of nitrate of silver added, to -ib j this is 
poured over tho plate, and tho picture developed Iiv precisely the 
same way and as quickly as in the wpfciprocess^:- > • 
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The picture is fixed either with hyposulphite of soda, or cyanide 
of potassium, in the usual way, and varnished like an ordinary 

negative. , . 

. "When tlie chemicals are in good order, this process is as certain, 

and yields as good results, as wet collodion. _ ... . 

Another excellent dry collodion process, due to Mv. bothcvgnl, is 

as follows it- ^ , 
The excited plate, after removal from the nitrate bath, is washed 
oitca with distilled water 5 then albumen is poured over it ; it is then 
washed again. The remaining treatment is the same as in. bull 
Norris’s. The rationale of this process appears to bo that the albu- 
men forms, with the free nitrate in the film, a minute quantity ot 
albuminate of silver. Those plates do not keep so well as Dr. Worm s, 
hut arc more sensitive. The process was tried by him and aban- 
doned, long before Mr, flothcrgill brought it forward. 

In all dry collodion processes it is important to use a powdery non* 
contractile collodion, made with acids at a temperature not lower than 
150°, and of the minimum strength that is consistent with a struc- 
tureless film. 

Drying Oils. These oils are distinguished from greasy or 
fatty oils, by their property of becoming oxidized when exposed in 
thin layers to the air, and forming a dry resinous varnish ; on ellcet 
which is accelerated by dissolving in them a small quantity ol oxide 
of lead. The principal drying oils arc— poppyseed oil, linseed on, 
and nut oil. flatty oils which do not dry become rancid under 
similar circumstances. Palm oil is an instance of this properly. Sea 
" Oils.” 

Duto it Tarnish. Used for paper, parchment, &c. Mix, with 
the aid of heat 

Sandnvnch . . , . .120 parts 

Mastic 120 „• 

Yenice turpentine . . ,120 „ 

Amber . . . . . 80 „ 

Linseed oil < . . , 2 BO ,, 

Turpentine . . . , 2B0 „ 

Dyeing. Tho principles of dyeing and calico printing may be 
included shortly in those of photography, from tho fact Unit certain 
chemicals are onpablc of becoming mordants by oxposme to light, 
-object, of dyeing is to produce a permanent combination between 
' ' tliefihatorial to be dyed and the colouring matter. This combination 
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is effected by means of a mordant, which combines chemically with 
the stuff to ho dyed, and at the same time with the colouring 
matter, forming, so to speak, a triple combination. Without the 
mordant, the colouring matter might of course bo removed from 
the fabric by washing it in water, since it would oiler a mere case of 
mixture, and not of chemical combination. 

It is found that bichromate of potass has the property of be- 
coming a mordant by exposure to light, and this property has already 
been taken advantage of by calico printers in Paris, to print designs 
upon textile fabrics by means of photography. If a piece of paper is 
rubbed over with a little indigo mixed with bichromate of potass, 
dried in the dark, and exposed under a negative, tho parts acted on 
by light are permanently fixed, while from those not aoted on, the 
colour may be removed by washing the paper in water. 

Processes of this kind oiler a new and important field of 
research, for the want of permanence of ordinary photographs printed 
with the salts of silver is n very serious cvil.1 

The principal dyes nro indigo, cochineal, madder, quercitron, log- 
wood, aimatto, lake, prussinn blue, various salts of iron, copper, lead, 
chromium, cobalt, &c., and the principal mordants proto-chloride of 
tin, alum, sulphate of iron, &c. 

Byn aotinombtxii. An instrument for measuring the intensity of 
actinic power, or for comparing tho " quickness” o'f lenses. See 
“ Hunt’s Treatise on Photography.” 

Eauthbnwabb, Glaze fou. As earthenware vessels are much 
used in photography, tho mode of glaring them should not be dis- 
regarded, ns some of tho chemicals, (nitrate of silver, for instance,) 
act on the glaze. 

Tho common white dishes are glazed with / 

• White lend 58 parts. 

Cornish stone . . , , . 10 „ 

Ground flints 86 „ 

Flint glass 4 „ 

Stone wave is glazed with a mixture similar to tho above, but 
containing also rod lead, The materials nro pulverized, 4hcl then 
mixed into u paste with water ; this is spread upon the vessel to be 
glazed, which is then submitted to tho furnace, which vitrifies tho glaze. 

Eau BhomiHi, Bromine water, formerly used in tho doguerreo- 
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type process, but now superseded by bromide of lime, because in 
hot weather the vapour from the bromine water condenses on the 
cold plate, and interferes with the production of a good impression. 

Ef fl oiiesoen cb . When a crystallized salt parts with its water 
of crystallization by exposure to dry air, and crumbles into a 
powder, it is said to “ effloresce,” Sulphate of -soda is an instance 
of this property. 

Eggs. As the albumen obtained from eggs is much used in 
photography, it becomes important to know something about eggs. 

The albumen contained in eggs has been described in the article 
“ Albumen.” The -yelk of the hen’s egg contains about 30 per 
cent, of oil, in which phosphorus is present. New-laid eggs are 
heavier than water, but gradually become lighter by the evaporation 
of water through the shell. Of an egg which weighs 1000 grains, 
103'fl parts constitute the shell, 604'2 the white, and 286‘SJ the 
yelk. 

Elbotmoat# Images. See “Moser’s Experiments.” 

Eleotbo-Ciiemioal Action of tiie Solar Bays. Mr.Tlobcrt 
Hunt has, from some experiments described at pages 201, and fol- 
lowing, of bis “ Researches on Light,” arrived at the following con- 
clusions: — ■ , 

1st. — “ That electro-metallic precipitation is prevented by the sun s 
rays.” , • „ 

2nd. — “ Tliot light is not the retarding agent, but the excrciso or 
oleotvical force is negatived by the direct inllucnce of actinism.” 

These conclusions must bo received with caution, as being purely 
hypothetical, and very probably erroneous. 

ELEMENTSi ThC'OlementSj.ov cleraeutary bodies, nvosuch as have 
hitherto resisted all (attempts to reduce them into simpler forms of 
matter. They are fifty-five in number, and will bo found arranged 
in alphabetical order in, the Table at the end of the work. 

. Elf ML This is a species of resin much used in varnishes. There 
are several varieties of it. The principal nro obtained from the 
Oanuri-um 6aham\fenm of Ceylon, and tho Iclou ioicariba of the 
Brazils. Elomi is at first soft and viscid, but becomes hard and 
brittle by cold and age. It is yellow, translucent, and of a peculiar 
. ^I^it^i’esombling fennel. It contains 80 parts per cent, of an acid 
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wain soluble in cold alcohol, and 20 parts of an indifferent erystal- 
lizable resin soluble in liot alcohol. 


Elliotype PitooEsa. A process patented by Mr. Bobinson Elliot, 
of South Shields, for enabling artists to obtain an indefinite number 
of photographic copies of their works. 

A painting is made upon glass in a body colour, more or less trans- 
parent according to its density, and the thickness with which it is 
applied. The painting is then treated ns a negative, and positives 
are printed from it in the usual way. 

Emery. A dark coloured mineral, found in abundance nenr Cape 
Emori, in the island of Nnxos, It occurs also in the Channel Islands, 
Poland, Sweden, Persia, &c. According to Mr, Tennant’s analysis, 
it is composed of alumina 80 parts, silica 3 parts, iron 4 parts. 
When reduced to powder emery varies in colour from dark grey to 
black. Examined under the microscope the powder is seen to be 
composed of two crystals, viz., corundum, and oxide of iron. This 

S owdor is so hard ns to scratch quartz and many precious stones, 
t is used in the arts for grinding, polishing, and scouring articles of 
metal, glass, &o. 

Emery Paper j Emery Clotii. Emory powder maybe spread 
upon paper or cloth by first applying a coating of thin glue, and then 
dusting the powdor over it from a. sieve. There arc six degrees of 
coarseness. To use emery paper, it should be wrapped round a stick 
and a little oil applied, which makes it cut better. Emery coke is 
made by mixing emery powder with bces-wnx. 

Bo'/.or-stvop paper is made by mixing the finest emery powder and 
a little finely powdered glass with paper pulp, and making it into sheets 
in the ordinary way. This should be glued to a piece of wood, and 
a little oil applied occasionally. The ornery and glass constitute more 
tlmn half the weight of the paper. 

Empyrmijma. The offensive smell produced by the combustion 
of organic matters, chiefly vegetable, in closed vessels. 

Enamelled Photohua pus. In the “Oomptes Bondns” of June 
11, 1855, various mclhods of producing enamelled photographs are 
described by M. A. Lnfon do Oamavsao. The following translation of 
this article is extracted from the Journal of the Pliotogrnphio Society 
for September 21st, 1855 : — 

“ I select for grounds either metals or substanoos used for pottery ; 
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I uso vitrifiablo compounds lor tracing the image on them ; and I 
operate both on the images obtained by the use of metallic salts and 
those furnished by the resins, 

“ With pictures produced by the aid of collodion, albumen, gcla- 
tine, and by the ordinary processes of the salts of silver, I develop the 
image by nitrate of silver until the half tints are overdone and obscured, 
and tire deep shades are covered with a thick deposit presenting tho 
appearance of a. bas-relief. The proof is then placed in an enamel- 
lev's muffle 5 the organic matters vanish under the action of a suitable 
temperature. The lire cleans the image and restores all its delicacy. 

“ I operate on white grounds, or black, or coloured grounds. On 
tinted porcelain, coloured glass, or on brown or black enamel, tho 
whites of the image are formed by the deposit of reduced metal, 
which acquires great brilliancy in the furnace. On white porcelain, or 
enamel, or on transparent glass, the blacks of the image will be formed 
by the metallic deposit, which I then treat with solutions of salts of 
tin, salts of gold, or salts of chromium. In tho latter case 1 obtain 
various colours, very vigorous when removed from the mulllo, pre- 
senting a peculiar aemi-metnllio brilliancy. A. very thin layer of an 
appropriate and very fusible flux fixes tho imago on tho ground, ns 
in the case of applying gold or silver to porcelain. On enamel, the 
fusion of the matrix itself fulfils the same oflieo, 

“ With regard to images obtained by the notion of light upon snlts 
qjbehrominm, — as soon as the image is cleaned by distilled water I 
expose it in a muffle to temperature which destroys tho gelatine i 
the .metallic deposit remains alone upon the ground. Salta of silver 
mid 'of lcad laid on this give yellow tints after baking 5 snlts of tin 
and of gold produce violets and purples. Thoso colours nro developed 
under a layer of flux which boro covers tho metallic deposit. Tho 
image presents the appearance of a painting on porcelain. 

“ The pictures furnished by resins are treated differently. 1 com- 
pound a coating capable of receiving application of a negative, and 
of being easily tonuerfed sticky after the 'exposure to light. Solution 
of bitumen of Judcea in essence of turpentine, with the addition of 
resin, fulfils this requirement. : The exposure to light being finished 
and the solvent having performed its oflieo, I proceed to tho substitu- 
tion of ceramic colours for this varnish, which must bo destroyed bv 
the fire. Metallic oxides and their fluxes^groundvery lino anu driotl, 
are deposited on the surface of tho image, 'While a gentle and gra- 
duated heat restores to the coating the adhesivq«pyopovly ^ had lost 
-in- drying. These enamel powders, carried Oyer The eutivo surface of 
■ 'follow with great delicacy ad the inequalities of the sub* 

:;!|ppyducli they partially penetrate, ami translate faithfully alHts 
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depths and delicacies. The piece is then ready for the lives the 
organic matters are destroyed, nndtlio imago, formed oi indestructible 
substances, remains fixed by vitrification. _ 

“ One of tho remarkable chavaeters of tlieso images is the aspect ot 
under-enamel (som-email) which they present, which cannot he iuv- 
nished in the same degree of perfection by any other kind of 

paintmg. ^ ^ Jmftg0 tllU8 treated may rccoivo any kind of 

colouring : it may he transformed into gold or silver as well as into 
blue or purple j it may even bo burnt into porcelain with tho l'unuuu. 


*< Observing that, in the same image, tho light, in tracing the bright 
parts, left a faithful image of the shadows, anti that tho entire negative 
olichS might bo transformed into a positive cliche, —i was led to coin- 
bine two opposite and euecesaivo impressions of the same image. By 
taking from one of these impressions nil the light Lints and from tho 
other all tho dark ones, I obtained tho imago of the lights (defined) 
by tho shades, and of the shades (dofinod) by the lights, with tho 
infinite variety of tints resulting from tho combination. 


Encaustic Painting. This method of painting, which is of 
great antiquity, consists in using wax with tlu) colours, ill order to 
give them a gloss, and preserve them from injury. Proceed thus t~~ 
Melt together equal quantities of white wax. nnd powdered nmstio, 
stirring well. Pour tho molted mixture, into oold water, which 
hardens it; then pound it in a mortar. This powder is to be 
mixed with strong gum avahio, and added to tho common water- 
colours, which are then to bo used at 01100 in the ordinary wav, 
diluted with water as occasion may require, and applied with a brush. 
Tho pale colours require loast, and tho dark ones most of the 
powder to bo added to them. Tho picture must bo vary highly 
and carefully finished. It is then to bo varnished with u mixture 
of one part whito Wax, and two parts turpentine, applied hot, and 
tho suporlluity allowed to run oil. 

The wood, or cloth, or paper, to bo painted upon must first bq 
Waxed. •: • 

Enouaving, Hulioquafijjo. Tho processes of holiogrqphip 
engraving liuvo not yet been brought to suiHoiont perfection do toy 
worthy of move than a fow brief remarks in this plaao. , ■ V\ 

M. Nichplioro Ni6pco availed himself of the . property possessed 
by bitumen of Jwlion, of being rendered insoluble iii the usual 
menstrua by the joint action ol light imd o^ygftli. - A molul plato 
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was coated, in the dark, with ft solution of bitumen in a solvont, 
dried, and exposed to light under an engraving, or in the camera. 
It was then washed with a solvent, which removed the bitumen 
where light had not acted, and allowed it to remain where light 
and oxygen had rendered it insoluble. The bare metal thus ex- 
posed was then etched with an acid, and ah engraving produced. 

This process was followed up by M. Niepce do St. Victor, and 
some improvements made in it, which will bo found described at 
different times in his communications to the Eronoh Academy of 
Sciences. 

Mr. Fox Talbot, a few years ago, obtained some little success 
with a rather different, and, we imagine, a bettor process. He 
coated a steel plate with a mixture of gelatine and bichromate of 
potass, and exposed it to light under a negative. Where the light 
acted on this mixture, it reduced the salt of chromium, mid caused 
it to combine with the gelatine, thereby producing a compound 
which was insoluble in water. The plate was then washed with 
water, which removed the unaltered gelatine only. A picture was 
in this way produced upon the plate, which was etched by a solution 
of bichloride of platinum, which attacked only thoso parts where 
the metal was not protected by the gelatinous compound. 

MM. Salmon and Gamier have suggested a process of hclio- 
graphio engraving different from either of the preceding, mid which 
• appears very ingenious. 

a polished plate of brass, previously submitted to the actipn 
of iodine vapour, is exposed to diffused light, and then rubbed with 
' wadding, charged with globules of mercury, tho following pheno- 
mena : WilP be observed— the plate will not bo amalgamated, tho 
mercury : refusing • to attach itself wherever the iodine has been 
influenced liy. light.- If, instead of proceeding thus, tho plato is 
covered in places with an opaque body, and wo then try to amal- 
gamate it as before, it will bo observed that tho mercury takes 
perfectly on the; parts where light has not acted, whilo it refuses to 
adhere in other places. This property, discovered by MM. Salmon 
and Gamier, indicates the possibility of reproducing photographic 
images upon a plate of brass. A negative on glass, or paper, is 
applied to the iodized brass plate, and loft in contact Irom ten 
minutes to two hours in diffused light. On mercurializing tho plato, 
the mercury is seen to adhere to those parts which correspond to 
the blacks of the negative, leaving the :other parts intact, If an 
1 iiik-roller is then passed over; the untouched parts take tho ink, 
• while the mercurialized parts do not, so that the picture is black 
Upon a white ground, 
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“ An etching may then be produced by first dissolving out the 
mercury' by menus of a solution of nitrate of silver- acidified with 
nitric acid, and then biting in the plate still deeper by acid alone. 
If, on the other hand, an engraving is wanted for printing in a 
lithographic press, the plate is immersed for a few minutes in a 
galvanic bath charged with chloride of iron, so as to deposit a thin 
layer of metallic iron in the places previously occupied by the mer- 
cury, and where the brass is now bare, namely, on the lines of the 
drawing. The utility of this deposit of iron will soon be perceived. 
The brass plate being removed from the bath, the greasy ink is dis- 
solved off with spirits of turpentine. The entire plate is then 
exposed again to the vapour of iodine, nud rubbed with wadding 
bearing globules of mercury j whence it results that the plate, ns 
before, acquires a white colour, from the amalgam of mercury ; but 
ns this metal does not amalgamate with iron (for mercury is preserved 
in iron vessels), a mere gentle rubbing of the plate removes it from 
the places covered with iron, that is to say, from the drawing itself ; 
so that after the second operation the drawing has the lines covered 
by a thin layer of iron, while all the rest of the brass plate is coated 
with morcury. , 

“ Things being in tliis state, the ink roller is passed over the plate ; 
only the drawing itself takes the ink, while those parts coated with 
mercury repel it, This is just wlmt was required. As many impressions 
ns desired may now be printed, only taking the precaution to rub the 
plate afresh with morcury after a certain number of impressions have 
been thrown olf. If it be wished indeed, the two last operations 
might bo omitted: it would suffice to wet with water the plate 
onoo inked with greasy ink, ns done by the lithographic printers ; 
under these circumstances the parts free from the drawing would 
bo isolated by water, which would prevent the greasy ink from 
touching thorn. 

“ Supposing now that instead of a plate to be printed in a litho- 
. graphic press, it is desired to have one that may be printed 
with letter press, the following will be the mode of procedure :■ — 
Taking the plate at the moment when it is about to be immersed 
in the galvanio bath, a preparation of gold should be substituted, for 
the suit of iron, and a thin layer allowed to deposit over the drawing 
(it will take the gold because it resists the action of the adds better) ; 
the plate is then inked and eaten away nil round the lines, which will 
be preserved by the gold, the surrounding copper only being attacked, 
so that the drawing itself will be found in relief.” 

Engraving Puotogiuhis upon Glass an^ 'P6hoela.in. A 

N 
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process of engraving photographs upon glass and porcelain was de- 
scribed by Mr. Thomas Sims, at a meeting of the Photographic 
Sooiety, on January 1st, 1857. The following is the account given 
by him of this process i — 

“ Wishing to offer as much information as possible, without oc- 
cupying too much space, I think I cannot do better than give the 
process of engraving photographs on glass, by means of hydro- 
fluoric acid gas, in the form of notes, which have been penned tit 
various times, generally after making the experiments. Previous to 
this, however, it is necessary to give a general idea as to the mode by 
which T have taken the kind of photograph most suitable for the pur- 
pose. Eirst, then, the collodion I use is thin ; it has as much alco- 
hol as it 'will hear, adding ether only when it is too gelatinous, 
iodized with iodide of silver dissolved in an excess of iodido of po- 
tassium. The glass here is a desideratum, ns it is not only necessary 
to obtain it free from stri© and specks, hut its component parts will, 

I believe, occupy the attention of photographers in timo to como ns 
much as paper has done for calotypo. I have givon crown, sheet, 
and several kinds of plate-glass very fair trials, and as yet I liiul 
none to yield so readily to the action of the hydro-fluoric acid gas 
as British patent plate. 

“ Some idea of the care I have taken to arrive at this conclusion 
may be perceived, when I state the manner in which I testud llic 
cpiality. I have cut 9-incli plates of various kinds into four or six 
squares, putting each lot carefully apart ; I have then taken one of 
enoli,kind and. marked it; collodioni'/.ed and developed each with tfui 
same material, and photographed from the same model, such as n 
chalk bust or engraving, and have applied the hydro-fluoric acid in 
the same manner to each, and this two or threo separate times, ami 
in every case the patent plate showed itself to bo most easily acted 
upon. Previous to putting on the collodion, and in order to olcanao 
the plate, I wash it in sulphuric acid and water. 

“Bath , — 80 grains of silver to the ounce of water, made in tlm 
usual way. 

'* The time in the camera is of consequence ; it must ho limocl to 
a nicety, and developed well. {See Notes.) 

“ The developing solution is made with different samples of proto- 
sulpliate of iron, £ pound of three or four samples, put together in 
rather a wide-mouthed bottle, and the crystals covered with distilled 
water, to which are added 2 drachms of acetio ,apid, 

, "When a developing, solution, fit for use, is required, take H 
puhoe of this saturated solution and put to it 0 ounces of distilled, 
water and 2 drachms of acetio aoid. If this does not flow evenly ovor, 



add a drachm of alcohol ; but if it can bo done without it is better, 
as the alcohol is liable to produce grey pictures. 

“ I invariably fix with hyposulphite of soda ; and loo much care 
cannot be taken to get out the iodido of silver (and the same may bo 
said of the hyposulphite of soda), with abundance of water and a 
wash or two with ammonia and water, and this, again, washed away 
with water. 

“ Tho plate must be dried with as much care as a daguerreotype 
and in the same maimer, from the top downwards, evenly and regu- 
larly : the water must not concentrate itself upon any particular 
part, so ns to dry in patches ; for though tho impression may pass 
through the burning process without showing tho stain, it certainly 
will not stand the test of tho hydro-fluoric acid gas, for the stains 
themselves will be engraved. 

“ It will be found that if the most minute particle of tho iodido or 
hypo remains in the impression after washing, it will turn black 
quickly while burning ; and if heat be long- applied the impression 
will evaporate altogether, nud this at not a very high temperature. 
This is a fact that has so many times come under my notice, often 
to my sorrow, that I have been led to couoludo, reasoning- from 
analogy, that the hypo must be the great onemy to the durability of 
paper photographs'; for if a collodion film, which wo have so much 
more power over in the way of demising, will yet, after all the 
washing, retain sufficient quantity of hypo-sulphite to bo the des- 
truction of the photograph, how much more is paper likely to do so 1 

“Burning the Photograph — The only requisites necessary for this 
purpose are, boxes of sheet iron or tin of various siv.es, and a stove, 
tiro top of which easily becomes slightly incandescent when tho five 
is lighted in it. The new boxes must bo burnt to got rid of any 
grease in tire iron ones, and of tho tin and grease in tho tin ones. 
They must bo made a quarter of an inch larger than tho size of the 
plate to bo burnt in them ; and they must also be rounded slightly 
at the bottom. If the first precaution be not taken, tho box _ on 
cooling will contract and crack the glass. Tho reason for having 
the box n little rounded at the bottom is, to allow tho operator to 
place the impression face downwards, which will enable him to stove 
tho picture without having a cover on the box (provided tho room bo 
tree from cold draughts), and to sec how the prooess_ goes on ; this 
may bo easily done by holding the box with pincers in such a posi- 
tion as to got the rcilcctod ray to tho eyo from the back of tho im- 
pression lor, ns the silver becomes reduced it assumes a mirror- 
like appearance. 

“ When speaking of the reduction of silver, it is associated in most 

n 2 




180 


am 


minds with the idea of great heat, when the reduction is said to ho 
by heat 5 this is liable t© mislead'; a greet heat is not only unneces- 
sary but objectionable ; a dull red heat is the most required, for a 
low beat and a longer time does the work more effectually. (See 
Notes.) 

** That the silver does become so reduced is very curious ; it shows 
the metallic deposit to he in a peculiar state, and X imagine that the 
contraction of the film must take a mechanical part in the opera- 
tion. 

c< If the operator allows the burning process to go on slowly, (any 
half-an-houv or more, ns it varies with different impressions,) ho can- 
not fail in this part of the process, 

" When sufficiently burned, push the box containing the picture 
to a- cool part of the stove, and, when cold enough to bo taken hold 
of by the hand, the plate maybe removed, and placed in a plate-box. 

“ It is better to engrave the picture ns quickly as possible, or a 
film of oxide will soon damage it if not used. 

v Materials and Apparatus for the application cf Ilydro-jimrio 
Acid Gas : — 

(< Fluor spar, 

“ Common sulphuric acid, 

“ A leaden pan and cover. 

“ Grind the fluor spar into fine powder, and put -|r ounce into Urn 
leaden pan, upon which pour 2 ounces of common sulphuric acid, 
hndbtir with a leaden rod, The size of a pan for a picture 3 ; }x 2 $ 
inches, should be -l x 3 inches in width and breadth, and d inches in 
depth; ■ 

* ‘ The framed holding the plates over the vapour should bo waxed 
or varnished^ otherwise the wood absorbs the vapour ; and it ants 
upon the edges of the pinto before it receives the vapour from the 
pan; which should be placed upon a stand high enough to admit a 
spirit-lamp underneath. The stand holding the pan of hydro- (luorio 
aoid should be placed upon the Hob of a kitchon range, when thorn 
is n fire and the draught generally good, as this will carry away tho 
fumes, which are suffocating unless tho operator is fortunato enough 
to have a laboratory with all the requisites. 

" If an ounce or so of water bo used with tho sulphuric acid, in the 
pan with tho fluor spar, the spirit-lamp will not bo much required j 
but the action is so rapid, that I prefer adding water some time pre- 
viously, and letting the mixture become cool before putting in the 
fluor spar. Using the spirit-lamp, and not adding water gives the 
operator most control, and is the method I have adopted ; but, in 
one or two cases, when water was added to raise tho temperature, 
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iliuro was 80 much energy as to cat half through the glass. But 
this plan might really prove the best, provided it could be so modi- 
fied ns to be a little more nutnngeublo. 

“ When the hyilro-iluoi'io acid is made to act upon the plate, it 
permeates the transparent coat first, except in the false action 
(mentioned in the notes) ; and in proportion ns the silver, forming 
tho opaque parts of the picture, increases in density from the half- 
tone to the high light, so is tho time the acid takes to act; the high 
lights being tho most opaque, resist the attack longest. When this 
part yields to tho action of the acid, the whole of tlio picture is 
loosened from tho surface of the glass, and any further action of tho 
hydro-lluovic gas tends only to destroy the engraving which has 
been, made, so that a few seconds will form an engraving, and a few 
seconds more, if the action he continued, will entirely destroy it, by 
eating too far into tho body of the glass. It will thus be seen how 
great a nicety is the timing of tho plate over the hydro-fluoric gas ; 
it varies according to the nature of the glass, and the strength of 
tho impression and of tho gas, the latter being regulated by the mo 
of the llamo of tho spirit-lamp, so that, like the timing of a picture 
in tho camera, it would be difficult to state any timo nearer tlmu 
from five seconds to five minutes. 

“ Tho best plan is to take tho plate up after about ten seconds, 
and if the picture has a uniform grey appearance by transmitted light, 
imd n prismatic appearance by reflected light, there i 3 every reason 
to supnoso it will bear the action no longer. It is now to be washed 
oil f with clean cold water ; but should tho plate, not be sufficiently 
cool for this, use warm water, and wine dry. Tho engraving will 
bo distinctly seen, and if strong will be easily felt; but if only a 
Biufaoo impression, it will be necessary to hold the glass in the sumo 
position ns you would a daguerreotype, that the picture may bo seen. 

“ It is evident that this paper, so fnr, applies to direct camera 
pictures : tho lights of the picture being formed by the metallic de- 
posit, tho process of engraving being founded on the well-known 
resistance of silver, ns well. as other metals, to the action of hydro- 
fluoric acid on the one part, and the affinity which tlmt acid has 
for glass on the other. If, therefore, tho law holds good, the trans- 
parent parts of the proof will be bitten out, and the lights of tho 
picture will ho untouched, or nearly so. This is the kind of proof 
required to produce a plastic east in relief, from which n plate for 
tho press may be obtained by tho electrotype process. 

"To apply this process to porcelain, upon which mntcnal n direct 
picture is wanted as n permanent article, the process is the snino, 
but tho requirements differ. 
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,f Some idea of the plan may be obtained when X state the neces- 
sity wliioU brought it about ; it was the desire to burn-in a photo- 
graph on enamel or porcelain ; but a posi tive collodion picture will 
not sink into hard enamel 5 it will burn away before the enamel ob- 
tains heat enough to become soft. It will sink into soft enamel. 
The result, however, is so like a daguerreotype that I did not think 
it worth the trouble of continuing the work. 

“ When a collodion photograph is taken from a negative on white 
porcelain, the metallic doposit forma the dark part of tho picture, 
and the white surface of the porcelain the whites of tho picture. 

“ It is impossible to obtain good collodion pictures on unglnzcd 
porcelain, and the photograph will not stand tho heat, as before 
mentioned, which is required to sink-in the impression, so that, to 
mnko the picture pass through the kiln, it is necessary to go over 
the photograph .with enamel colours. 

“ On engraving this kind of picture on porcelain, I have found, 
especially with Mr, Minton’s beautiful white tiles, that when the 
noid had acted too much, the picture still retained its hold of the 
porcelain and did hot wash oft' ns it does after the snmo action on 
glass ; nnd when it was dried, all the glaze was found to be oaten 
oft, but still tho lines of the photograph were fixed ns fast ns ever. 
This is worthy the attention of persons who are anxious to apply 
photography to porcelain. 

“ The point of interest, however, for the photographer is tho follow- 
ing; i^If the porcelain is acted upon properly, those parts nndor the 
motallio lines are protected from the action of the acid, while tho other 
parts are noted upon, so that the picture, after being engraved, is 
formed by the dull surface of the unglazed porcelain on the one part, 
and tho brightness of the glazed on the other part. This is suffi- 
cient to convince me, that if we had whito tiles ‘Hashed,’ as it is 
teolinioftlly termed, with a dark verifiable colour, we should bo able 
to obtain an engraving with hydro-fiuovio acid, a while picture on a 
dark ground; 'the- acid eating out the bare parts of the proof, whilo 
those protected by the metallic deposit would retain tho surface 
colour. 

NOTES. 

“1. Tills noid nets most uniformly whon thoro Isnltugo proportion of sulphuric 
noid covering tho bottom of tbo pnn. 

" Thoro scorns a vory strong nnnlogy between tho working of title gus uml tho ob- 
taining n (loop sonsitivo cont, with tho lodino ou tho duguorraolypo phito. 

“2. Wlioitovor tho hydvo-fluorio acid nets tlirougli tho silver, tho ImprosBlon la only 
on tho snrfuco, tunl is analogous to a wonk collodion positlvo (if tho improSBlou on. 
graved Is a diroet positlvo) ntirt in nppnarnnco is vory simllnr to a wonk duguorrou. 
typoi ns an engradny it is worthless. In tho other case, whon tho oporntlou Issuo- 


cosslhl, and tho silver uaa boon so Z 

noid tho picture appears In tl)0 TOV onw, mA when warn inn 

previous to engraving, was white ■« ■«» 1 <" < , ( ou Btuol , el „«l w hm a Inin I 

proper light, tho picture tins much tho ^ “ Ul)1 f lll0H muy , M , m.mdbly foU. 

substance, buoU ns it nocdlo ot pin, ho pimaou o • . , thorn! very •lilllnent 

“3. The linos of demarcation, which can now bo raw.. 1 pn.voi.d^ Hut wo 
results, nvo at present lU-dofhiod, iiuUJ > pinto, 

^iS<S 2 SSSi£ 0 &» “ «■’ "''"" iv,UK 

arc theses— 

"A fcoblo and grey Impression. 

“ A solarized Impression. 

rSSfS —HHEH: 

gS&iSJKSSSS 

action of tho noid ub much or more than tbo grauu ‘ " 1 |H „, l)l0 1 i)ik ,j C m rich 
•< 6 , Wlion tlio opaque parts or tlio iiuprOHsion mo Hun t • . )ufl j , v 

iMHipi 

■Siiiippsss 

ox jJi5ino.it sl.oidd not hoooiuhiolodwlt.il glass vohkoIbi rfm ovorn should mth 

used to tholcndon pan, for tlio anmoroRHim. , , - „ 

•'8, If tbo proof booomos oxidized by lying s' unit ox|MUMiil to Clio nt. 4 UM>\* ivnor 

Jin*nliw,it will not resist tbo notion of tbo Huorloueiil. ... 

"0, If, in hurnin’!, tbo plate nssinmw iv dark mid oliarrod iipimm imou, ^ 
comes white again'! but will bo oomplotcly doalroycilby ftirthw burning, MiA 1» aeon, 
sionod by some salts which should linvo boon waste! out. 

"10. The didloulty of obtaining a strong install o do|inslt on 
lug, without gottlng tbo tmusparont parts of tho ploUiro grey, n ight 
n groat oltJooUon. "in answer to this, I havo iVsind Ugi UapwJ **■*»■» 
linos to a groat extent, provided tho impression Is (into* V ^'V.^L lonk S f 
mercury and ammonia) chloride of gold to prouliilUUa , In 
biohlorldo of moreury , and this acted upon by a wank «<'h>tlon of S 

and common watfr. Is used nftor each appllaailoii to keep tbo pruolpltaU) froiTt tl o 
imnsparoiJt pa?t« of tbo film. Ador wl.iob allO-gml.. solution o 
poured ovouty over tbo pluto and wiwbod with water i tho p ftta l« tbojvdxpdsotl U) tbo 
Ught, when tho molnbio parts turn Intonsoly blook, ivmVUtOUiias boaoulO MO mlstfii Om 
it will itself yield a pinto by tho oioutro typing proooBB, '• 



Equivalbnt. On referring to the tnblc of Elementary Sub- 
stances, the render will observe that against every substaneo a 
certain number is placed, called its “ Equivalent,” or sometimes its 
“atomic weight.” For instance; silver has the equivalent 108, 
iodine 126, carbon 6, sulphur 16, and so on. Tho inclining of 
these numbers wo will endeavour to explain. 

It is found by experiment that substances combine with ono 
another only in certain definite proportions by weight ; and, reasoning 
on this fact, it lias been supposed that matter is not indefinitely 
divisible, but tlmt bodies are composed of atoms incapable of 
being divided into smaller fragments, and therefore called “ ultimate 
atoms,” these ultimate atoms being of different weight in different 
bodies, On this hypothesis, the equivalent of any elementary body 
is the weight of an ultimate atom of that body, the unit of weight 
being of course indefinitely small, but the same for all substances ; 
and the equivalent of a compound body is the total weight of all the 
single atoms composing the compound atom. If, then, we say that the 
equivalent of silver is 108, we mean that an ultimate atom of silver 
weighs 108 units of weight; and since in the same scale the 
equivalent of hydrogen is 1, it appears that the unit of weight in 
that scale is the weight of an ultimate atom of hydrogen. 

, But this explanation of the meaning of tho table of equivalents 
involves a hypothesis which, however reasonable it may appear, may 
nevertheless be false and is after all but a hypothesis. If then 
wo reject the explanation given according to tins hypothesis, and 
confine ourselves to tho facts of the case, tho tnblc of equivalents 
becomes merely a table of the proportions by weight in which 
different bodies are found to combine. 

In order to show tho utility of this lablo, lake tho following 
examples : — 

1st. In an ounce (4,80 grains) of chlorido of silver, how many 
grains of silver and how many of chlorine are there P 

The equivalent of silver is 108, of chlorine 80; the equivalent of 
chloride of silver is therefore lid. If, then, we multiply 180 by 
1 08, and divide by 141, we got the number of grains of silver in 
the ounce of chloride, viz, 860; and if we multiply 480 by 30, and 
divide by 114, we get tho number of grains of chlorine,’ viz. 120. 
There arc, therefore, in an ounce of chlorido of silver 800 grains of 
silver, and 120 grains of chlorine. 

2nd. Required to know how much iodide of potassium will 
exactly decompose one ounce (480 grains) of nitrate of silver, neither 
of these salts containing any water of crystallization. 

Nitric acid is composed of 1 part nitrogen and 6 parts oxygen by 



weight, The equivalent of nitrogen is 14, of oxygen 8. Tlio 
equivalent of nitric neid is therelom 84, and of oxulo ol si vor 
10,8 + 8, viz, 116. Tho equivalent ol mlmte of silver is therefore 

116 + 5+ viz. 170. , . » ( ... 

Iodide of potassium is a salt containing no water of erys nlbzn- 
tion. The equivalent of iodine is 126, and of potassium 40 5 and 
therefore of iodide of potassium 166. , V1 , . 

In the decomposition of nitrate of silver by iodide ol potassium, 
there are formed nitrate of potass and iodide of silver. _ li, then, we 
multiply 480 by 170, and divide by ICG, we obtain the exact 
number of grains of iodide of potassium necessary to ellect U 10 

decomposition, viz. 49lH* . , , , , n , - . 

A Table of Equivalents of the simple substances will be found at 

the end of tho work. 


Equivalent Eocub. Seo “ Eoous.” 

Etiieh. Oxido of ethylo. C 4 11 G 0=Ae. O. 

Alcohol is supposed to bo a hydrate ol other, two volumes ol 
alcoholic vapour being composed of one volume of aqueous vapour, 
and one of tho vapour of ether. If, then, alcohol be docompBod, 
and tho elements of water removed, tho result is tho production ol 
ether. Such is tho theory of etherification. , 

Ether, or as it is frequently called, “sulplnivio_ ether, is an 
extremely volatile, colourless, combustible, fragrant liquid, obtained 
by distilling together alcohol and sulphuric acid. It is of great use 
in photography as a solvent of pyroxylino. 

The manufacture of ether is an extremely dangerous operation, 
and should not bo attempted by the amateur. Tho mode m which 
it may be made, cither on a large or small scale, with the proper 
precautions, is ns follows : — • , 

A largo flask contains tho mixture of alcohol and aulphurio acid. 
It has a stopper with throe holes in it : through one is inserted a 
thermometer tube, through another U 10 pipe which leads to tlm 
condenser, and through tho third a tube through which a fresh 
supply of alcohol is kept up. The Husk is placed in a sand bath, 
and heat applied, which may be regulated as required. 

In using the apparatus, a mixture of 8 purls by weight of con- 
centrated sulphuric acid, and 5 parts of alcohol 3.G. ’884, is put 
into the llask and healed till it boils and rises to a temperature of 
800° Fahrenheit, brush alcohol is thou introduced ns required, and 
this Icmporaturo evenly maintained, the liquid in tho flask being kept in 
rapid ebullition, The bulk of the liquid ii>yio llfisk in this way kept 
in) for nnv lemrth of time, and every clroi) of alcohol introduced is 
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converted -in'to-sether and water, tlie mixed vapours of which go over 
•together: through-'the condenser into the receiver, where the other 
floats upon the'surface of the water. "When the operation is pro- 
perly conducted, the same quantity of sulphuric acid is sullicienl for 
any amount of alcohol that may he added to it. The limits of the 
ether-producing temperature are between 260° and 310° ; if the boil- 
ing point should fall below 260° by using too much alcohol or loo 
weak acid, little else than unchanged alcohol distils over ; and if, by 
using too much sulphuric acid, the boiling point rises above 320”, 
olefiant gas is generated, besides variable quantities of other 
impurities. 

Ether will take up one-ninth part of its hulk of water, and will 
mix with alcohol in any proportion. In order to obtain pure ether, 
free from both alcohol and water, it is first mixed with about twice 
its volume of water, and well shaken j this separates the alcohol, which 
leaves the ether, and goes to the water. The ether, which Hunts on 
the water, is then carefully decanted, and a sufficient quantity of 
fresh-burned lime added" to it: this abstracts the water. Tilts 
mixture is then distilled with great care, the receiver biting sur- 
rounded with ice and carefully stopped. Tho first third which 
distils over is pure ether. 

The S.G-. of pure ether at 60° Fahrenheit is *72'1'. ft boils 
at 96° Fahrenheit, at the mean pressure of the atmosphere. U 
is neither acid nor alkaline, has a high refractive power in regard 
to li^ht, and. i? a non-conductor of electricity. It is extremely 
volatile,- arid its vapour very dense and highly elastic. Ether hums 
without, leaving a residue, and, produces carbonic acid and water. 

' It should be kept in well-stoppered bottles, as it turns acid by oon* 
tnob with . 0 %: from the production, first, of acetic ether, ami subse- 
quently ^acetic acid. • 

Iodine and bromine are soluble in ether, nmPgradunlly react upon 
and decompose it* producing hydrjodio and hydrobromio acids. 

Ammoniacal gas and hydrochloric acid gas ore readily absorbed 
by ether. Potnssa and soda act feebly upon it, and give rise, among 
other products, to acetic and formio acids, which unite to tho 
alkali. Many salts are soluble in ether, and especially tiro chlorides 
of gold, platinum, iron, and uranium. 

The fixed and volatile oils, many of the resins, caoulohoue, various 
forms of extractive, the alkaloids, and aomo other vegetable prill* 
eiples, are more or less soluble in ether. 

, The chief use of ether in photography is to dissolve pyroxylin© 
anckform collodion* 

By adding a variety of different acids to alcohol, and distilling the 

: 'ftOvrp.snniHliiiir vnvintfps nf aIIiav nvA nwvlnn/vl TTmif’O Wfl 
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liave nitrous other, oxalic ether, hydrochloric ether, acetic ether, 
an d go on. As none of these ethers aro at present ot any use m 
photography, it would bo out of place to deacribo them m tins 

"Stable, indicating the quantity of alcohol contained in ether of 
variable specific gravity, will bo found among the tables at the end. 

Etiiyl. Ac. = C, H„. Ether is the oxide of ethyl, C d . H r , 0 ; and 
alcohol the hydrate of oilier, 0, H B 0, HO. Ethyl was lor sonic 
time a hypothetical substance, but a substance having the composi- 
tion 0, i-I 6 has lately been obtained by Hr. Ji’rankhmd, by exposing 
iodide of ethyl in sealed tubes to the action of metallic -/.me, at 3^0 . 
On opening the tubes, and allowing' the gas to pass into a (rec'/mig 
mixture kept at — 9°, the ethyl condenses to ft colourless liquid. 
Chlorine acts upon it in the light, but not in the dark. 

No compound ethers have yot boon produced from ethyl, and at 
present 8 tlio ethyl theory must bo considered as hypothetical. 

Expo sunn. The exposure of a sensitive surface to light, cither 
in the camera or pressure frame, is one of the most important 
features of every photographic process ; and wo shall endeavour to 
describe in this place the effects duo both to over and wider expo- 
sure in the principal processes, and as far as possible to account tor 
them satisfactorily. 

The simplest case is that of sun-printing on chloride paper. Ilcro 
a sensitive surface consisting of chloride of silver, nitrate of silver, 
and organic matter is exposed to direct light until ft visible image ol 
the required strength is obtained. The effect of light on such a 
surface is to decompose it and produce a dark material composed 
of sub chloride of silver, together with a compound of suboxulo ol 
silver and organic iuattev. When the imngo thus obtained, and 
which is of a purple brown tint, is put into the hath o l hypo- 
sulphite of soda, in order to iix it by removing the unaltered chloride 
of silver, the purple subchloride in the image is also decomposed 
into chloride of silver and metallic silver, and the former dissolved 
out. The fixing bath therefore not only removes the supovihious 
chloride in the paper, but also enfeebles the dark tint of tho shadows 
of the picture, by changing it from n deep puvplo to a, rod or brown. 
When sufficient allowance is not made for this change which occurs 
in fixing a print, it is of course “ under-exposed” or "under- 
printed” When, on the other hand, the exposure^* earned too 
far, the reduced organic compound of silver presents a metallic 
lustre, or bronzed appearance, and the details 1 ni the shadows are 
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obliterate^ and. buried beneath a crust which is not easily removed 
in the fixihgibath, 

In printing by development on chloride paper, when the print is 
nnder-exposed, the details in the lights cannot bo brought out until 
the development has been carried so far as cither to stain the paper 
nil over, or bury the details in the shadows. When the print is 
over-exposed, tho details in the lights come out so rapidly in tho 
gallic acid, and darken so quickly, that the development has to bo 
stopped before the blacks have tiine to acquire suflioient depth imtl 
vigour. The picture is therefore red and feeble, and the lights mid 
shades do not exhibit sufficient contrast. 

It will be observed that in printing on chloride paper by direct 
light, the longer the exposure the darker tho picture becomes, up 
to a certain point, and then the reduced material afterwards assumes 
a metallic appearance. So also in development printing on chloride 
paper, the longer the exposure and the longer the development the 
darker the blacks become, up to a certain point, and then, as in the 
other case, they assume a metallic appearance. By carrying the 
process too fan the same elieet happens in both cases. And not 
only so, but this effect happens in every other photographic process 
with metallic salts. Excessive exposure, produces an amount of 
reduction which defeats its object by exhibiting tho metallic or 
solarized appearance in the case of a positive print, or, in tho eases 
of u negative, that metallic condition of tho reduced salt which 
interferes with its property of becoming n centre of attraction for 
the matter which should accumulate upon it from tho developer. 

But in thesu remarks we arc anticipating tho cases of tin* 
Collodion and Daguerreotype processes, in which iodide of silver 
takes tho place of chloride. In theso cases a curious ell'ecl occurs 
through over-oxposuro, which has been called, wo think improperly, 
the "reverse action of light.” In tho Collodion process llm sen- 
sitiveness of the film is due to the presence of an excess of free 
nitrate of silver, which it is impossible to remove by any amount of 
washing with water, because it probably combines with the organic 
matter of the film. This free nitrate, existing in minute ([tinutily 
in presence of iodide of silver, is decomposed by light with extra- 
ordinary rapidity, and when not over-exposed anti rendered metallic, 
it furnishes the proper centres of attraction for tho developing pyro- 
gallo-nitrate. But it rendered metallic by over-exposure, it uo 
longer acts in this way, and therefore no (lark material is preoipi- 
lated upon it from the developer. In order, therefore, to gain the 
greatest intensity in tho image, there is a curtain amount of exposure 
which must not be exceeded. 



daguerreotype process over-exposure pi-mlnees in the 
irfaco an cfleet which is shown by tho Rolnnred part look- 
er sometimes quite metallic. In nn over-exped collodion 
very similar effect of blueness is produced, which shows 
rv existing between the processes, 
ears, therefore, that by over-exposure not only m »ioio 
reduced, but tho reduction of Urn atoms winch nre hi at 
by Held is carried to such a stage, that they look i u-lallu. 
l’ black in positive prints, and in negatives cease to become 
9 of attraction for the production of u picture by a do- 
or intensifying process. * 

o'. It is unfortunately by no means an uncommon thing 
graphs to become altered by time, even when preserved 
utmost care. In the emm of daguerreotypes, or collodion 
or negatives, or negatives upon paper, Lina nimiortuua la, 
comparatively rave \ but in tho ease of paper positivea 
ivc been printed by direct; exposure to light, and fixed and 
th hypo-baths, fading may unfortunately ho said to bo tho 
permanence tho exception. , , . f „ 

ienco has snflloiontly proved that tho black material oj a 
d argentine photograph on glass or paper da permanent wlum 
K agent (hyposulphite of soda or eyamdo ol potassium) m 
by copious and thorough washing in water many times 
. Tho snmo may bo said of. tho thin white mntiilho nmupi- 
ch forms tho lights of a collodion positive. It is however 
y, in tho caso of a collodion positive or negative, to varnish 
'for if this bo not done, the pyrnxylino is liable to bn deeom- 
nd give off an oxide of nitrogen which destroys Urn imago, 
most serious caso of fading is there! ovo that which occurs 
ho material of tho imago is a ml compound of organic 
and a low oxide of silver, as m a sun-print, or a rod 
id print stopped. in too early a singe of thiulevelopment,— 
uro being then fixed in a hypo-bath, containing sulphurating 
Positives produced in this way may ho considered certain to 
from two or throe months to an many years, no matter how 
y they' may bo prosnrved, or how thoroughly washed after 
:»tion. Tim hided appearance is prbduodd by tho dark brown 
tho shadows turning yellow. 

chemistry of fading is at present very obscure, but. tho 
Iona may bo produced at plcnsurtf by Ininibi'king ft fixed reel 
nt in n weak oath of hydrosulpMliti of nmrftbiiirt. Tho red 
irst darken to a brown or purple bi-mvih then to a purplo 
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black, ancl ultimately to a yellow, tlie entire series of changes only 
occupying a: few minutes. If then the hypo-bath contains, , ns it 
always does, a sulphurating compound analogous to the sulphide of 
ammonium, and any of this should remain, as it probably must do, 
in tho pores of the paper, it is easy to understand why the thin red 
material of the print becomes yellow by time. 

As nothing certain has yet been proved with respect to the com- 
position of this yellow substance, we will not offer any conjectures 
with respect to it. 

"When sel d’or is nsed to tone a print, it is more likely to be 
permanent, because the effect of this mode of toning is to substitute 
gold for silver in the material of tho imago. This is done most 
effectually by toning the print in a bath of sel d’or before fixing it 
in hypo. When chloride of gold is added to hyposulphite of soda 
in excess, and a toning and fixing bath made in this way to act 
together, the deposition of gold takes place simultaneously with the 
sulphuration of the silver, and the image is less permanent than in 
the former case. 


But even metallic gold will not entirely resist tho aetion of an 
nlkali'hp sulphide, for this combines with it, and forms n double sul- 
phide of, .gold and the alkali. This is probably why prints toned 
with gold have sometimes been known to change from a purpW tint 
to reddish yellow, particularly in the finer details of tho lights. 

Tho ■ ■ " " ’ 

present 



TiimiMOMETBu. (Greek, Otpfirj, heat, /lerpoi', 
a measure.);; 1 / In this thermometer tho freezing point of water, or 
tempera lure of melting snow, is marked +3 8°, arid the boiling point 
of water in a thin clean metallic vessel, at on utmosphoric pressure of 
SO inches, -f- 818°. The space, therefore, between the' freezing and 
boiling, points ? of water is divided into 180°. In tho Centigrade 
Thormometer this spacp, is divided into 100°, tho freezing point being 
0 and the boiling point, 100°. There is a table at the end in which 
Fahrenheit’s thermometer and the Centigrade arc placed side by side, 
and tho scales compared. 


I Fermentation. This is a peculiar metamorphosis brought 


about in solutions of certain organic substances, such ns sugar, by 
;|p|ptrodnction of a decomposing azotizedlody, called a “ ferment/' 


The particular caso of fermentation with which the photographer is 
moat concerned is that of the conversion of sugar into alcohol, which 
is called the “vinous fermentation,” A solution of sugar in water 
is permanent, hut if a pulrcseible animal substance, such as albumen, 
■in the proper sUuje of tlecuy, be added to it, at a proper temperature, 
Hie sugar is converted into alcohol, and enrbonie acid given off. The 
formula by which this decomposition is represented is as follows 
0 13 ll| 2 () ia ss2 (0 4 tiyO+H 0) -h 'i G 0 9 : l e. grape rntgarsaU 
alcohol -M* earhonie neid. 

The most convenient ferment to employ is yeast, (//.«.,) in an active 
slain. This sets up the action in the sugar, by which it is first con- 
verted into grape sugar, and then into alcohol and carbonic- acid. 
The exact mode in which tho ferment acts is not dearly understood. 
When the fermentation is completed the liquid becomes dour, and 
contains the alcohol, which is obtained from it by distillation. The 
yeast which has lion destroyed is converted into a grey ninorphmiM 
substance, insoluble in water, scarcely n/otked, and quite inert. The 
proper tompornturo nt which fermentation should be conducted is 
about 75°. 

It baa been supposed that the covpuselcs composing fovmonl arc 
living beings, which nourish themselves with sugar and albumen, and 
seer Jib alcohol and carbonic acid. 

Fiiuuotypr. A name given by Mr. Hunt to a process in which 
nu argentine photograph is developed with proto-sulphate of iron. 
The term is no longer in use. 

Fiiuiu d-oyanoohn. Fe. 2, Cy. 0= 01%. , 'This assumed trilmsm 
salt-radical has not been isolated. ’ It is isomeric with lcrro-eyimugcn, 
being formed by tho coaleaeence of two atoms of that; compound. 

Fimntn-oYANiDii op Potash ium: ; or lied Prusaiato of Potass, 
This magnilioent salt is produced by passing chlorine through n solu- 
tion of yellow prussiato of potass, (lerro-oymnde of potassium,) until 
the liquid ceases to precipitate Prussian blue from the wcr-mdta of 
iron. It is then liltcred and evaporated, and yields right rhombus 
prismatic crystals of a ruby-red colour, which are anhydrous. 

Fomd-oyunidu of potassium is soluble in about 4 parts of bold 
water, and nearly insoluble in alcohol. . 

This salt forms no precipitate with tho^<?r-snU§ of iron, but- is ft 
most delicate lest of the /m^o-snUa, with which it forms a blue pre- 
cipitate, (Turnbull’s blue.) , 

Ferml-cyanido of potassium, or as if is sometimes called hern- 



cyanide of potassium, contains one atom of Femd-oyanogen nncl three 
atoms of potassium. 

Fmuio-oyanogen. Fe., Cy. 3 =:Cfy. A hypothetical bibnsic 
salt-radical, supposed to contain 1 atom of iron and 3 atoms of 
cyanogen, 

I?EItHO- CYANIDE OP POTASSIUM ; OV YellbW Pl'USSiato of PotttSB i 
IC 2 , Cfy in the anhydrous state, or I( 3 Ci‘y-{-3 II O when in yellow 
crystals, 

This salt is soluble in 4 parts of cold and 2 parts of hot water j 
it is insoluble in alcohol, which tlwow.s it down in yellow Hakes from 
its aqueous solution. The crystals are four skied tables derived 
from a primary octahedron. The salt is not poisonous. _ When in 
crystals, the oxygen and hydrogen of the water of crystallizutionyiro 
exactly in sueh proportions as are required to convert the metals into 
protoxides and the cyanogen into hydrocyanic acid (prussic ncid). 

Ferro-eyanidc of potassium is prepared ns an nrticlo of commerce 
by putting chips of hoofs, animal horns, woollen rags, greaves, &o, 
into an iron pot, and burning them at a very high lient with potash, 
so os to form what is called “ pmssinto cake.” This, when cold, is 
lixiviated with water, and evaporated. The resulting crystals nroiin 
impure ferro-oyanido of potassium. These are purified by being 
mtissolved and recrystnllized. The vessels and stirrers used iri tho 
operation should bo’of iron, ns they thou supply thoiron contained 
in the salt. If not ih sufficient quantity, iron filings should bo added. 

i Fii/riiATl’0'N';’';Tivis is a process for separating a liquid from the 
insoluble matter wldcb it may contain. The liquid do bo filtered ia 
made To pass through a porous substance, such ns unsized paper, 
porous earthenware; cioth, sand, &c, When common blotting paper 
is used it should first be washed with dilute Muriatic ncid, in order to 
remove some lithe ' and iron which it generally contains. Filter 
papers arc generally cut round, and the sides folded in puckers 
■ like a fan. They five then placed in a glass funnel, the diameter 
of which should be about three-fourths of its hoiglit, measured 
from the neck. The liquid should be poured into the funnel very 
gently along a glass rod. A filter covered with sediment imijr 
be conveniently washed by squirting water against it from n 
6mall syringe. Linen or calico should bo used for filtering weak 
alkaline liquids, and flannel or lclt-stuff for weak noid ones. Tlmao 
filter bags nvo made like a fool’s cap, and havo a wooden hoop at (Ho 
top. Cotton wool, put into the neck of n glass funnel, mokes a good 


filter for many purposes. Strong acids and alkalies should be filtered 
through a layer of pounded glass, quartz, clean sand, or bruised char- 
coal. 

Sometimes the liquid is made to ascend in the filter by hydro- 
static pressure. This is often a very good plan. 

Volatile liquids, such ns ether, collodion, benzole, &o., should be 
■filtered under an air-tight vessel ; or very rapidly; by exhausting the 
nir from the vessel winch is to contain the filtered liquid, and into 
which tlie end of the funnel is fitted air-tight. 

-Fixing. By this term is meant, in the daguerreotype process, the 
real fixation of the image to the plate by means of a boiling hot solu- 
tion of sel d’or. Tho image can then no longer be nibbed off by 
the fingoiv In the ordinary collodion and paper processes the term 
“ fixing' ” is improperly used to denote the removal of the sensitive 
material from tho tablet, when the picture itself is in other respects 
completed. 


_ Blame. The combustion of an inflammable vapour mixed with 
nir j or. according to some, “ luminous gaseous matter.” The lumi- 
nosity 6 f a flame depends chiefly on the presence of particles of solid 
matter. Bor instance, the flame of burning hydrogen is intensely 
hot 'and very feebly luminous ; but if a little lime be dusted into 
it, the particles become intensely luminous. In general, it appears 
that tho greater the heat of a ilamo the less the light, and conversely. 
If the top of the glass chimney of an oil lamp be contracted there is 
loss escape of smoko, more combustion’of solid matter, and the light 
as increased with a diminution of the oil consumed. In the case of 
tho llnmo of a candle or spirit lamp, combustion only takes place at 
tho outer surface of tho flame and not in the centre 5 this may be 
proved by inserting a tube into the hollow of the flame, when the 
inflammable vapour will pass up it, and may be lighted at its other ex- - 
tromity. In the Avgnnd lamp tho wick is cylindrical, and the vjjpshlp- 
of the 'flame is supplied with air. _ i 

Blame oan only exist at a very high temperature. If (i^c| of; 
wire giur/e be laid across a flame it conducts away son W of ; 

and the combustible vapour, cooled by passing througlpfl|ph||l|?5»’ 
passes off on the upper side without linme. 
which Davy’s safety. lamp is constructed, Xltsfffj ■: 

Blint G lass. Tho composition of a good flint glass, S.G-, 3 2, 
is as follows : — 120 parts of fine clear white sand, -40 purified pearl- : 
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nsli, 85 litlmrge, (oxide of lead, or “ minium,”) 18 nitre, and a small 
quantity of black oxide of manganese, 

I) lint glns.3 is distinguished from crown glass by the absence of 
colour, and its higher refractive power. The lend, which is absent 
111 crown glass, renders the flint glass more fusible, and increases its 
refractive power, giving it great brilliancy when out, but it 1ms some 
disadvantages, for 'glass containing lend is softer and more easily 
scratched j and it is difficult to obtain it of equal density throughout, 
and free from wavy marks or stria). 

When borate of lead is added to glass the density and refractive 
power are raised to the maximum at present known. See “ Glass." 

Flowers, Coloured Juices op. Some of the coloured juices 
of flowers hove been shown by Sir John Jlcrsohel and M. Chevrcul 
to be sensitive to light, but none of them have yet been employed 
ra photography, . The reader is referred to Sir John HerschoPs 
memoir on this subject in the “Philosophical Transactions/’ Part 2, 
tor 184-2, for further information. 

Fluorescence. This term has been introduced by Professor 
Stokes to denote a remarkable property possessed by certain sub- 
stances with respect to light, and it has been adopted from the fact 
fluor spar exhibits the phenomenon in a marked degree. 

Suppose a trough, the sides and ends of which nro made of plate 
glftss, to b'e filled with a solution of sulphate of quinine. A ray 
or supshlfie is .admitted through a small hole in a shutter, mill 
passcdllii’ough a prism so os to be decomposed into rays of the 
prismatic colours, The trough, with its solution, is then placed 

^ ie solar spectrum. On looking 
through i the 1 ends of the trough, the luminous and least refrangible 
rays are seen,, to /be . transmitted, while the extreme violet rays are 
absorbed, -|iidp^p tb penetrate only to a certain depth in the liquid j 
and m-additioiv -to- this, rays beyond the violet, which wore before 
invisible, are now, rendered visible, and appear of a celostial blue 
co "}* 1 '> ^ll^trating' to a certain depth, and then disappearing. 

If a piece of sensitive photogrnphio paper be placed so as to rccoivo 
the spectrum: transmitted through the fluid, it is found that tlw 
usual 1 darkening; at and 1 beyond the violet end of it is wanting. 

A block ofwelldw iiraniUm glass possesses a similar property to the 

solution of sulphate of quinine. So do rosculino, and other substances. 

*f or f UTt ’l i e _ r particulars of this curious phenomenon, the reader is 

Mr - Stok£is s original paper in the “ Philosophioal Trnn- 
saOtldns” for the year 1852. 
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It has been said that fluorescent bodies have the property not only 
of rendering the invisible rays visible, but of imparting chemical 
action to tho luminous rays. This assertion must, however be 
received with caution, and will probably turn out to be erroneous. 

Mr. Stokes is of opinion that “ the phenomena of internal dis- 
persion oppose fresh difficulties to the supposition of a difference of 
nature in luminous, chemical, and phospliorogenic rays, but are per- 
fectly conformable to the supposition that the production of light, 
of chemical changes, and of phosphoric excitement, are merely 
different effects of the same cause.” 

Fluorine. F=7. This is a hypothetical elementary body, 
which hns not yet been isolated, 

Fluoride of Potassium. KF=69. This salt is sometimes 
used in photography, hut its good effects are very questionable. Tt 
is composed probably of one atom of potassium, and one of fluorine. 
It is deliquescent, and bears intense heat without change. Its 
solution aots upon glass. 

Fluoride of Silver is a soluble compound which does not 
crystallize. It fuses when heated, and is reduced by exposure to 
light. 

Focal Lines, When a small oblique pencil is reflected or 
refracted at a sphevicifi. surface, or refracted at a plane surface, the 
reflected or refracted pencil does not come to a “ geometrical focus,” 
or “ least circle of aberration,” but all the rays composing it pass 
through two straight lines (or elongated figures of 8), situated ill 
planes at right angles to each other, and called “ primary, 
secondary focal lines.” ; i ;i||| 



For instance, suppose the circle at A, -ituatod in a plane porpon- 
dicular to that of the paper, to be the bas^bLi^/a^MpPpffWtt- . j 
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lina suffered oblique reflection or refraction. Then nil the rays 
composing this pencil will first pass through the “primary focal 
lino ffi, winch is perpendicular to the plane of tho paper, and after- 
wnrcls through the “ secondary focal lino” q Zi whioh is in tho piano 
, tho paper. The reason of this it would ho out of place to discuss 
in the present work; the fact must bo taken for granted 5 the de- 
monstration of it will he found in Coddington’s “Treatise on 
Optics. If a section bo made of the curious solid formed by tho 
pencil between the focal lines, at a point q exactly midway between 
thorn, that section will bo a circle, and it i3 the nearest approach 
that the pencil can have to a focus. This circle is called tho “ circle 
of least concision.” 


•^ ie P^P 0 '^ 101 } 3 of the figure are, of necessity, greatly exagge- 
rated. Ihe distance between the focal lines is in general very small 
compared with the distance of either of them iVoin A; lint the 
distance ?i And. also the diameter of the eirolo of least confusion, 
luorense fts the obliquity of tlie incident pencil inoreasos. 

e ^v ? ^v, Aa?T v ll: ' * a flu instrument employed by M. Clnudct 

ipr nnttmg tho chemical focus of a lens which has not been properly 
nohromfttiied. , ■ v- .. 

A number of bqards arc arranged in a spiral about a horizontal 
Jgl,atdi^rcnt distances, and each board is painted white, and 
thaoHbea with a black letter. These boards are so placed ns to ho 
:f. togethev from, the lens.. If, when one of thorn is in exact 

| tsunl tocus, another is found to icotne out "more distinctly in the 
iphotogtaph, it is ovident that the visual’ .gjjd ohomioal foci do not 
donioulo. and the lens jliphld. then be rejeoted as unfit for use, 
or it will be seen by referring to the article on Depth of Focus, 
r , a tens whose Chemical and visual foci do not coinoido cannot 
fei»" lW 1 (j 6 ™ 0 * 1 d°fitlUl0.n,as one in which they do, other qualities 


or “virtual.” 


, _ J - 4 ” " ' i ; i ' *tV*. ; i utu u 1 * * Yirumi, * A “real” focus 
n “jfm r rot1 ^ whioh ap assemblage of rays actually pass. A 

directions if produced 

forwards • or backwards mould pass. 

A lens is saicl to have “positive focits” when tho focus of a 
parallel pencil reacted through it is on the m? side of it ns tho 
ofigm 01 eight. A. oonbave lenshns therefore positive focal longth, 
;; l^ii J ? 8 ' h f v ? " ne g atj ve focus” whon the focus of a 

jg||to^od refracted through it is on ^opposite side of it to the 
01 W (tff light. A cornea lens has therefore negative focal length, 
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In the former enso the focus of the pencil is “ virtual/' in the 
latter ease “ real/’ 

The principal focus of a lens, whether positive or negative, is the 
focus of a pencil of parallel rays after refraction through it. 

Tho equivalent focal long tlx of a combination of lenses having 
negative focus, is equal to the focal length of a single lens which, 
when presented to tho same objects, gives an image of tlm mime 
sixo us the combination. 

Focussing Glass. This is a magnifier used for tho purpose of 
magnifying the image on the ground glass, and enabling tho 
operator to get it into better focus. A good form is that of tho 
Itnmsdcn’s Eye Piece of a telescope, winch consists of two equal 
single plano-convex lenses, placed with their piano sides outwunU, 
nntl at n distanco apart equal to two-thirds of the focal length of 
either. When in use tho image on tho ground glass must ho in tho 
principal focus (or thereabouts) of the eye-piece or focussing glims. 
It must be remembered that Bamsden’s Eye Piece is not aohromntie, 

Foa. Fogging. When a precipitate is thrown clown over Urn 
entire plate by the action of the developer, so as to obscure -tho 
transparency of the glass when looked through, that precipitate is 
oalloct “log,” and the pioturo is said to be “fogged/* Tho prin- 
cipal onuses of fog are — want of suffloient aoid in tho procoss, oluuui- 
ouls out of order, rough or dirty plates, and diffused light either in 
tho camera or dark room. A frequent cause of fog is the want of n 
protecting tube in front of the lens, and a diaphragm within tho 
camera. 

Foiimio Aoid. C 8 H0 8 = S7. 

This acid was first discovered by Fisher in tho red ant, (formica 
rufa) j hence its name. 

Forinio acid and tho alkaline formintes are reducing ngetita, 
and reduce tho oxides of the noble metals, tho acid being oxldUod 
into carbonio acid. / 

Fonnio acid was originally obtained by distilling tho 
waters but tho principal processes now employed lor ptoduOltlgit 
areas follow: — 

1st. 10 parts of starch, 87 of binoxiclo ■ of mkhgqtllJB'O; t>F 
water, and 80 of sulphuric acid two distilled, in a retort (blto onptioi tv 
of which should bo at least ten times that of the miktUi’0)j until 88 
parts have passed over. : , 

2nd. Concentrated forminto of soda and shlplftmO kold (lUtillod 



together yield very strong fuming fovmio acid, containing only l 
atom of water, but the sulphuric acid must not be in excess, 

Formic acid is a colourless and slightly fuming liquid of n pungent 
odour, and acting na a caustic upon the shin. It freezes at 80°, mu I 
its S. G-. at 60° is 1*286. It boils at 210°, yielding an inllmnninbfo 
vapour, which burns with a blue flame. 

Formiateb. The affinity of formic acid for buses far oxen oils 
that of acetic acid. Most of the formiates are soluble in water. 


Formate op Silver. By mixing concentrated solutions of 
neutral nitrate of silver and slightly acid fovmiate of potass, ni train 
of potass and formiatc of silver arc produced. Tito latter suit is 
thrown down as a white crystnllino precipitate, which soon blackens 
in the light, and when neutral is converted into metallic silver, 
carbonic acid, and formic acid. 

Fraunhofer’s Lines in the Spectrum. £<?<? "Spectrum.’* 


' Freezing Mixtu res See “ Table of Freezing* Mixtures ” at the 
end. 

ench Cement. Gum-water thickened with powdered starch. 
!e lemon juice is sometimes added. It keeps good for n long 


r*,:> : 


Fit bn on Polish.: Dissolve with a gentle heat 22 ounces of 
sucllno in 80 ounces of rectified alcohol. 

French polish is mixed with a few drops of oil at Urn lime of 
application and applied to the wood with a ball of cotton-wool ; it 
is then rubbed briskly in tho direction of the fibre, and finished, after 
drying by friction, with tnpoli and oil. 

Fuller’s Earth. This is a greenish or yellowish gray powder 
found in different parts of England. It is used for removing rnmao 

bvllten'nl 8 U ^ nlll1lto hiXlhs > whioU ^ dfeoted 

li.mmn iV i b M ,f5 1- lt ' 11 19 eom P ose(l of silica, 68 pints i 

' “ 6i lims * *• «i’ tl 

Fulminating Gof/d. Subnurnte of ammonia. 2 NIL, An. 0„ 

0 torwte of gold diluted with three times its weight of water, n 



FUL 


GAL 


190 


yellowish brown precipitate is formed, which, when collected upon a 
filter, washed with water, and carefully dried at 212-°, is fulminating 
gold. Acids and alkalis have little effect upon this substance. It 
is highly dangerous, ' and explodes, when dry, on the slightest 
friction, 

Fulminating Silver. 2Ag.O, Cy. 9 , 0 3 . 

Liebig’s process of preparing this dangerous substance is ns 
follows : — 

Dissolve 1 part of silver in 10 parts of nitric acid, S.Gh l’SS 
to 1*38. Pour the solution into 20 parts of alcohol, S. Of. 
about ‘8 SO, and heat the mixture to ebullition. _ As soon ns it 
begins to boil, remove the heat and let it cool ; it then becomes 
turbid, and deposits fulminate of silver in the form of brilliant white 
needles. These must be washed and dried in very small quantities 
at a time, and with the greatest care. They should then be kept in 
a wide-mouthed bottle covered with paper. 

This substance explodes with the slightest friction. 

Fusel Oil. Oil of potato-spirit. An impurity contained in 
the alcohol obtained from potatoes, or beet-root treacle, or corn. _ It 
is supposed to bo the alcohol of the nmylic series, the base of which, 
nmyle, (C 10 H n ), has not,, as yet, been isolated. 'Phis impurity in 
alcohol, when introduced into collodion, is believed to be injurious. 
To avoid it, the alcohol used in photography should bo obtained 
from the juice of the grape. 

Fusel oil is a colourless liquid of a peculiar nauseous odour and 
acrid taste. It mixes in all proportions with alcohol and ether, 
but not with water. Its S.G. is '812. It boils at 270 , and 
freezes at <1°. 

Fusible Metal. This metal fuses at tho temperature of boiling 
water. It is composed of— 

Bismuth , . » 8 parts. 

Lead . . . • i> » 

Tin . . •_ . 8 » 

and sometimes 1 part of mercury is added. 

Gall, Ox-gall. The bile of the ox. Bile is a^eoyetiem which 
is separated from tho venous blood in tho liver, ^ It is supposed to 
be a saponaceous compound in which an organic noid is combined 
with soda, Ox-gall is of a dingy green oolouvj transparent, and 
viscid j having a peculiar odour and a nauseously bitter taste, It 
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Iioa a slightly alkaline reaction, and mixes in all proportions with 
water. 

Ox-gall may be clarified in the following manner Take the 
gall of newly killed oxen, and let it settle for 12 or 15 hours in a 
basin. Pour the supernatant liquor oft' the sediment into an eva- 
porating dish, and boil it until it i3 somewhat thick. Then, spread 
it upon a dish, and put it before a lire until it becomes nearly dry. 
In this state it may be kept for years in jelly pots covered with paper. 
yy lion required for use a piece of it the size of a pea is to bo dissolved 
in a table-spoonful of water. 

Ox-gall may be rendered perfectly colourless in the following man- 
ner! J o a pint of gall, boiled and skimmed, add one ounco of fine 
powdered alum, and leave the mixture on the lire till the alum is 
dissolved. When cold pour it into a bottle, and cork it loosoly, 
Nexb treat another pint of gall in exactly the snmo way, only sub- 
stituting salt for alum.^ In about three months those preparations 
w l a thick sediment. Then decant tho fluid portion of each, 
and irtix them. _ A pveoipitate is immediately formed which takes 
down the colouring matter, and the supernatant liquid may then be 
filtered, and is ns transparent and colourless as water. 

Clarified oy-gall combines readily with colouring matters or pig- 
ments, and gives them solidity, either by being mixed with them, or 
P|?$ed over them upon paper. It inoreasea the brilliancy and durability 
dMJttoinimne, carmine, green, and in general of all delicate colours, 
wUpOjit: contributes to make them spread more ovonly upon paper, 
mry, etc. "When mixed with gum arable it thickens the colours. 
W W 16, linking them glisten, and prevents tho gum from cracking, 
mid fixes the colours so >vell that others may be applied over them. 
Along Yvith lamp black and gum it forms a good imitation of Indian 
ink. When a coat of ox-gull is put upon drawings niacin with black 
lend, or crayons, the lines can no longer be effaced, but may be painted 
over with a variety of colours previously mixed with the snmo ox- 
gall. Miniature painters find great advantage in using it. When 
passed over ivory It removes the unctuous matter from its surl'nce ; 
and when ground, with the cqlours makes thorn spread with the 
greatest ease, and; renders, them fast. It .serves also for trails pn- 
ronoies; being first passed over the oiled, or waxed, or varnished 
paper, and allowed to dry. The colours mixed with tho gall aro 
then applied, and, cannot: afterwards bo removed by any means, It 
is useful to the photogrnphor in binokening tho skies of waxed-paper 
negatives, for whon mixed with the Indian ink it causes it to flow 
more readily on tho greasy surface of the wax, 

Ox-gall is used for taking out spots of grease and oil. 
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This substance 1ms been described nt some length, because it is 
not only very useful to the colourist of photographs, but may also 
turn out to be of some utility in the new methods of photographic 
printing in which pigments are fixed to the paper by means of bi- 
chromate of potass reduced by light. 

G all ate s, The salts formed with gallic acid j which, according 
to Liebig, is bibnsio. 

The basic salts of gallic acid when exposed to air absorb oxygen, 
nnd acquire various shades of yellow and brown, till they ultimately 
blacken, in consequence of the formation of tnnno-metanic acid, (O u 
H.j 0 7 4-2 H 0). In consequence of this property some of the gall- 
ntes are more energetic developers in photography than gallic acid. 
(•} abate of lead is an instnnee of this ; for if acetate of lead be added 
to gallic acid an image may be developed very speedily which would 
not be brought out by gallic acid alone. 

Gallate of Ammonia. A white crystalline powder obtained 
by passing gaseous ammonia into an alcoholic solution of gallic acid. 
It is soluble in water., 

Gallate op Potass. When an alcoholic solution potass is 
dropped into an alcoholic solution of gallic acid till green streaks 
remain on the surface, a white crystalline precipitate fails, which as- 
sumes a greenish hue by exposure to air,, and becomes brown when 
dissolved in water. 

* 

Gallate op Soda. A white crystalline powder which forms a 
brown aqueous solution, and is obtained in the same way as gallate 
of potass. 

Gallate op Lion. When gallic acid is added to cold solutions 
of. the persalts of iron they become dark blue, which colour disap-J 
’ pears on the application of heat, the peroxide losing oxygon, apjLjjjpu^ 
bonio acid being eyolved. . , ' ffflV K 1 ' 

The gallate of protoxide of iron is a colourless soluble, compound 
but becomcB rod, violet, and finally dark blue by absorption of oxygen, 
still however remaining soluble, till at length it hlaokeiisjaiifelm^ 
oipitatod. It is then a gallnto of the black oxide of u*on, 

It forms the principal part of the colouring matter of writing-ink. ' 

. ■ ■■ 1 ,1 -I, ; . Ml 1 1 £ ■ ' • " 

Gallate op Lead. When acetate of lead' is added .to a hot 
solution of gallio acid, leaving thelafcterrim;exces9pii: grey crystalline 
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powder falls. When a solution of gnllic acid is added to a boiling 
solution of acetate of lead, the latter being in excess, a yellow 
crystalline basic gnllate falls. 

Collodion negatives may sometimes be fully developed, after a 
very short exposure, by the following process : — 

, po«v over the plate a saturated solution of gallic acid. Let 
it remain a minute or so. No image appears. Then pour it oil 
hi to the measure, and add to it a few drops of a solution of acetate 
ot end. The mixture becomes milky from the formation of gnllate 
of lend. Now pour it over the plate, and the picture immediately 
appears, aiul may be developed in the course of a few minutes to a 
dense and good negative, adding, a few drops of nitrate of silver, if 
required. 

, Galm/m op Silveu. If gallic acid be added to a solution of 
nitrate of silver, the mixture soon becomes discoloured, and if left 
nndisturbed for some hours, a dark brown powder is precipitated, 
J.his however does not appear to be gnllate of silver, and it is ques- 
tionable whether there is any such salt, for the gallic acid most 
probably reduces the oxide of silver to suboxide, ami beooines 
itself oxidized. The brown powder is most probably me toga Hale 
ol silver, biit its exact composition lias not yet been ascertained. 

If gallic acid be added to ammonia-nitrate of silver (oxide of 
silvoiv dissolved in ammonia or nitrate of ammonia), the solution is 
immediately decomposed, and a brown powder precipitated, which, 
ns in the former case, is of uukiiown composition. 

If an acid be added to the solution of nitrate of silver, the decom- 
position of the solution is in general retarded for some minutes, or 
even for many hours, but it eventually takes place, even in the dark. 

Gallic Acid. C 7 II 0 3 +2 II 0. 

Ibis acid was discovered by Scheolc in 1786. It may bo obtained 
as follows : 

.powdered galls are mixed with water, and the paste exposed for 
some weeks to the any at a temperature of from 70° to 75° adding 
water occasionally to. prevent the paste from drying. The powder 
swells and becomes mouldy j and when the magma is exposed to 
pressure, o quantity ot coloured liquor may bo squeezed out. The 
residue or cake is then boiled in water, ‘and the solution filtorod 
while hot, _ On cooling, it deposits orystnb of gallic acid, which 
may bo purified by rc-dissolving and boiling with a little animal 
chin coal. Hie filtered solution then deposits the gallic acid in white 
' Bllk y crystals. These are of a slightly sour and astringent taste, 
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soluble in 100 ports of cold, and three part* of boiling watei > 
readily soluble in alcohol, and sparingly soluble in ether. 

Gallic acid is obtained in the above process by the oxidation of 
the tannic acid contained in the galls, by exposure to an-. It is a 
feeble acid, and scarcely reddens litmus paper. > It is a most nn 
portrait agent in photography, from its deoxidizing property. The 
products of its oxidation have not yet been thoroughly investigated. 

The aqueous solution of gallic noid becomes mouldy and dis- 
coloured by keeping. 

Gallic acid gives no precipitate with gelatine. 

Galls. The gall-nut is an excrescence which forms upon the 
branches and shoots of the Quercus ii\fedoria, being produced by 
the puncture of the female of the Cynips (/alia tmetorue, 01 gall 
wasp, wlitoli tool deposits its ovum hr the puncture, mid occasions 
the excrescence, or gnll. within which the farva » < eve loped , and 
when the insect is perfect it eats its way out. J.hc boat gnUs, 
known in commerce as black or blue galls, are gathered bofoio the 
insect has escaped; the white galls arc those from Judi th 
has departed, and are consequently perforated with a small onculn 
hole. They are of a brownish or dingy yellow coloiu, but less 
heavy and astringent than the others. Gall-nuts are chiefly im- 
ported from Turkey, and have long been used ns a source oi black 
dye, and in the manufacture of writing ink. ihey contain a lniger 
quantity of tannic acid than any other known vegetable product. 

^ The insect which produces the gall-nut is about a qurntei of an 
inch in length, and when the wings arc expanded, nearly an inch in 
Cdth. It is to bo found chiefly in Asia Minor and Turkey, and 
is of a dirty yellowish-brown colour. < ‘ . , . 

The Quercus iufectoria, or gall oak, is found chiefly m Asia 

Infusion of galls is n chemical antidote in cases of poisoning by 
opium, or mix vomica. 

Galvanized Iuon. Iron dipped into melted /.inc, the surface 
of which is protected from tho air by a Inver of sal-nmmonmo. On 
removing tho iron it is found coated with a thin layer of /.me, which 
protects it for a considerable time from rusting. ‘ : ! 

Gamboge, A gum resin, concreted from tho mUky juifpjjoh^ 
exudes from the Gambogia yulla , and QuLUtfvra vera, trees native 
in Ceylon and Siam. It consists of about 86 parts of n red lesm 


soluble in alcohol) and 16 parts of gum. It is a valuable pigment, 
and may be used for painting out the skies of negatives. 

Gelatine, 0 13 H 10 0 6 N 2 . This substance is produced by the 
action of hot water on the membranous tissues of animals, To 
obtain it, such substances as clippings of hides, hoofs, horns, calves* 
feet, cow’s heel, sheep’s trotters, pig’s pettitoes, certain membranes, 
&o., are cleansed in cold water and then boiled. The solution so ob- 
tained is freed from fat, and any deposit, by skimming and straining, 
and allowed to form a jolly on cooling. This is called size, and when 
cut into slices and dried is called glue. 

I ho purest form of gelatine is inngl(m i which is obtained in 
Itussia from the air bladder and sound of a species of sturgeon. 

Size is sometimes obtained from the waste of vollum, parchment, 
and some kinds of white lenther, and also from bones. It may be 
rendered inodorous, tasteless, and colourless, by the caroful applica- 
tion of sulphurous acid. It is then called patent gelatine. aroma- 
tine, &c, * 

Gelatine gradually softens and swells in cold water but does not 
dissolve without bent. It absorbs three or four timos its weight of cold 
w a tor. 1 part of isinglass dissolved in 1 0 0 of hot water gelatinizes on 
cooling, but m 150 parts remains liquid; the oflbot, liowovor, varies 
with the temperature. 

When n solution of gelatine is repeatedly boiled and cooled it loses 
its power of gelatinizing on cooling, and remains soluble and deliquo- 
'* b has been called by photographovs motagehum. 
nil- f ' insoluble in absolute alcohol, and etlior, and also in 

tiled , and volatile oita. When ulcohol is added to a warm and strong 
aqueous solution of gelatine, the gelntino separates as a white viscid 
snbstnncc ; and if a drop of the same solution of gelatine be added 
to alcohol, other, or collodion, the gelatine immediately rolls itself 
up into a white ball, and sinks to the bottom of the bottlo. 

Gelntino is soluble in all the dilute aoids, differing essentially In 
this respect from albumen. Of these, the neotio solution only gela- 
tinizes on evaporation. 

. Iho diluto caustio alknlis, and ammonia, do not prevent the gola- 
timzntion of gelatine, but often throw down a portion of phosphine 
ot lime. When gelatine is dissolved in a 00 ld dilute solution of 
caustic potass, and oxuctiy neutralized with noetic ueid, the evapor- 
ated liquor does not gelatinize on cooling; it loaves u residue of 
a tever gelatine combined with ncolnte of potass, whioh is soluble in 
atoohol. I Ins substance might in certain cases bo addod to collodion 
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to increase the density of the negative; or it might be used as a 
m'cservative solution to be applied to a sensitive plate, 

P Tannin precipitates gelatine from its solution as a dense white 
curdv precipitate, called tnmio-gclatine. It is on this principle that 
leather is produced by the long soaking of hides in infusion of oak 
bark, Tannin is a very delicate test of gelatine, for when ndcled to 
a solution of 1 part of gelatine in 5000 of water a cloudiness is pio* 
dimed. Sulphate of platina produces the same eftect, and is the 
better test of the two, as it does not act' in a similar way on albumen, 
asllt docs, K mixture of salt mid alum also forms a white 

fnv instance with the oxides ot iron, chromium, lead, tin, moicuvy , 
silver, gold, ’and platinum, its combination with silver gold bemg 
effected by means of light, for it does not readily alter the colour of 

th< GelSurha^many important uses in photography, and enters 
largely into the sizing of English photographic P«P 1 • 

Gnat* Tim i 8/ n alloy of mckel 

Co of nS This last has a tinge of Woo like yevy highly noli. »d 
Xn md tnvnishen loss oasily ttmn silver. Objects may bo elec- 
tro-nlnted with nickel in the same way ns with coppci ; using 
, either the sulphate or chloride of nickel, German silver is superior 
' to brass for optical instruments. 

Gtldino Dissolvent. This liquid is used for obliterating the 
-images which have been fixed by scl d’or upon dogaKNOtg^ P^J 
Its exact composition has not been published, 
contains nitroAydrocldoric noid, disguised m some way. A imx 
t«ro of salt mid dilute nitric acid, or of nitre and dilute hydiochlonc 
acid, will answer the purpose equally well. 

Glass. Glass is a mixture of various insoluble silicates with 
excess of silica, and devoid of crystalline structure. Iho alknhn 
silicates, when ill n state of fusion, have the power of dissolving 

te ¥SK,Si»iv.ri^rfgl r .. 

and plate glass, and is composed principally ol a ! ®" f 

lime f the second, called flint glass, contains, m addition, silicate of 


1™ fjetacttf F C“f' g mi imi " S th0 *»** 

° f t] ‘f ? ln “ m «>wnfaotaTO is very simple. Silica, in 

nml slXrfhW SmM ’ n HX 1 , with cni ‘ bonflt ^ of potasa or soda, 
" ’ ° r ° XMlc lead> At a temperature, fusion 

meLd mnXl 1 0CCUr) T 1 Cftrbomo acid is expollcd. When ti ie 
oonUlmvT? \ ? t 600 ™* ^ and from air bubbles, it is left to 
for working 111 ^' ^ nssumes tbe peculiar tonnoions condition suitable 

onlmXl nm Vf Iate g i Ins ? have a gn»nisb colour j flint glass is 
; M T A ,,gh01 '. refractive index. Plate glass is cast 
‘ ' " pi! metal table, rolled, and, after very careful annealing, 
pound hue and polished by machinery. (See “Plate Glass.”) The 
lW ,a Xf 0S0 ^ glass are made by the glass blower, 
X bJX nXr Ca f d Wow-pipe, with a wooden mouth- 
tl o w T. dlI i ped mt ° lie tenacious, soft, semi-fused glass in 
n flask An’* • J ' 16 i Um ^,°5 g ass t,u ' 8 amoved is then blown into 
“3“ ™ d ' a POBta. is thou clipped into the gloss 
ft ui IM 110 0 «' 0 so »■ “> torn n handle to it. 

is M nin i ftom tho "“ k of Min Hnsk, which 

mMi J tW* fl ™ d0 \ md M™ suddenly turned with grant 
•‘ a*’ ^ centrifugal force causes it to assume tho shape 

Seat hno „ , T,‘ 8 d °"? tt , is rcmovBd f ™« «» pontil, leaving , 
Ife tlmi? Wls eye of glass in the centra of tho shoot, and nut 
B £S oven, where it is allowed to cool slowly. UnL 

Cm?. s^;isr d to c °° l v t in this ^ ifc 

Him ' Siw^ gla! in t|,i9Wft y oxbibifc nn exceedingly 
X p Shl'lwt ai though not ^Strictly flat, like that of plSto 

fi n it 'll bl - 0Wlng a llo5low cyMnder, then out- 

■SSfteuS®®- h ft rC r l0t Aonj and spreading it open upon a 

Oxido^f Inbn'llTivi \ y ° u additior ! ° f vnvious metallic oxides, 
black ■ sub nxfrlp deGp bblc > °xulo of manganese, amethyst or 

theoxidps " ( !nm fT™' l ' ub *; red « b,(,ck oxi(Ic of copper, ™ ; 

oX o silv, llS. green r h r n ’ oxidc of «««*'»», yd low 
ox !. 01 3,1 v u, yellow j puiplo of cassias, a ruby lint- oxide of 

antimony, yellow ; oxide of chromium, fine reds and greens." 
oxido P TM„ W tC S ' ,ISS ' ““ " l,it0 is ' »“«'» aiding 





Kane gives the following tabular view of the composition of 
several kinds of Glass. (Mem, Glicm., 720.) 


mo n uU. Crown Gloss. »ottlo Gloss. Crystal. Mint QUO. | 

8 
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•NTo 1 is the difficultly fusible Bohemian glass; No. 2, ordinary 

class be laid upon tv piece of reddened litmus paper mul inowtcw.il 
SwnSZ» restores the blue colour of ho paper by dm- 
S."™; 5 U tlio glnss. The Of si™ to » 
action of water, alkalis, noids, air, and light, is in genenU gienici 
the hifflier the temperature employed in its manufacture, the smallu 
1 o Sovto ofTtecB, aid to move exad to d»«l vahos 
of its constituents. Most crystal glass is aflccted by having until 
boiled in it for a considerable time ? but crown g nss, being pooiei 
in alkali, and containing no load, resists thatact.oii mucUongei 

and is better adapted for oheimool purposes. , ^ 

' - Air. and light? act upon glass, probably by their oxidwswg EJpr 
nertv Blueish and greenish coloured glasses become colourless 
S?L“^CC of the por-oxidation of the non to 

contain. Glass containing manganese becomes lass 

ner- oxidation of that mctnl from the samo enuso. 1 lmt,. ..glass, 
which contains lead, is acted ornby snlphwrctb ^ 
surface rendered opaque and iridescent. Achromatic len bos 
therefore, be carefully preserved from tho action o anlpluu. 

Charcoal colours glass of a yellow or brownish tint, so tlmt it is 
impossible to make glass in furnaces which smoke. 
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0f 1 gla f I s . T\ b y Plin y fc0 be ’ d,1G t0 the Following 
?,? n d !nii ‘ — A T !chant 8 1 U P laclen with natron, (soda,) being driven 
m n gale upoi^tlie coast of Syria at the mouth of the river Belus, the 

lnmi 0t t0 C °°^ tbcb ’ ^ ctuals ashore, and having placed 
lumps of the natron upon the sand as supports to the kettles, found 

aJmSJ TO? mas fl of , transparent stone among the embers, 
£ W.S te P lI ! y a , nd . St . rabo the g ]n3s W01 'ka of Sidon and Alcxan- 
™ !. ,f fam0US ? M ,v tm l e9 ’ nnd produced beautiful articles which 
imhnHnn t 1,fc ’ fl!K ! stained of the most brilliant colours in 

hav^bcen'glnzeth ™ ldows ° f Ital “ *PP«« to 

nnSir aCC ?; ini °/ ! he glaS3 llsed in optical instruments See further 

" ?l )tlcn]l QksB " and “ Plate Glass and 
foi the method of grinding lenses,. % “Lons.’* 


nm-wf+l’ S p 0LU , IiLB ‘ silica is melted with twice its weight of 

“A™ 7 ® A ond fto P roduot “™ted with wntor, tl.o 

Stn „l P t° 1 diss ?'™ s > » solution from which ncids preoini- 

SS 1 ™ Slh0 “- «Mle glass mentioned lly some 

nm otll? ? rs - , ?f *** *-l«« «i«d for rendering muslin 
and other cotton fnbnos incombustible. e 

npi'i^T 60 ? 1 ' bl ' iok work be flrst washed over with the above solution 
oPsodn, and then- with a solution of chloride of calcium, a 
•ofS?&S 0 ? b0n i ^'P 1 " 50 - b y wliioh common salt and silicate 
J 1 } 6 , 1 ^ 61 ' 18 Mrdnsohible salt and forms a 
° W lfc ^PPMilfilUhg.up- the cavities 'and 
nrofeftsft tbe weather, . Itihasdieen proposed; to employ this 

S in ; f ? pcrhtip3 fmd som0 


of wL nil 1 * B *, H01> 0F STitBniNO. Make an edging 

a ^^to^diah'thus fonhotf 

a solution of- aramomo-rntrilte^ff/silveivito whioh-n deducing agent 

In * *<* time Vg^Xbe 
covered with ft beautiful metttlliomoating of .ste. 


Glass Diske's.' Dishes are SoUietirhCS mhde of date crlass fm 
bddmg the nitrate bath. The bottoinISS ono pioco of nlnu 
g ass, and the sides of strips ceiueiited'to'it ^ith'UTaidhe glue The 
edges and ends of these stiiprsho^ . 

jejient them together the pieces are heated With m spin! lump, mid 

Tubbed on w bde ^till-liotia'ftditlibjpieceHninictliately'nppliecl 
together, and pressed into contact, means:",! XyajM. 


nfcion, apd dishes: made in thi§fway are rather deal', ’ If an iron mould 
were made of tlio Required size and shape, glass dishes might bo cast, 
and these would bo very useful in photography. 

Dishes of plate glass should bo enclosed in a woodeji ease, pro- 
vided with a 1 $* 

Gla-Ktkii’s Putty. Whiting, or white lead, made i.nto a paste 
with hQilcd linseed oil. 

Glucose. See u f^rape Sugar.” 

Gi-ue. See “ Gelatine.” 

Glycerine. C,,H fi ' O 0 . (Qr. y\vKac» sweet,) Glycerine is a 
sweet substance which may bo extracted from fatty bodies and oils. 
In its purest form it is obtained in the following manner :~~ 

Take equal parts of olive oil apd finely grqnndlithavge 5 put them 
into a basin with a little water, and set it on a sand bath moderately 
heated, continually stirring the liquid and adding fresh boiling water 
When necessary. In tins way in a short time a soap or plaster of 
lead is fpripfld. Addmoro water tQ this and remeve the vessel from 
the fire, decant t)ie liquor, filter it, and pass sulphuretted hydrogen 
through it to separate the lend ; then filter a$nm and concentrate 
the liquid as much as possiblo.hy pvaiWKfttion without allowing it to 
lie burned on % . spd *batli. 13 vapor ate what remains under the 
veceiyor , of an’ (lir pump. This is Glycovine. It is a tpnsparent 
liquid without colour or smell, and of a syrupy consistence, Its S, G. 
at 60° is 1-S7. Water combines with it in all proportions, and 
alcohol dissolves it readily, but it doeis not mix with ether or oils. 

Glycerine is A;, neutral substance, and exhibits no tendency to 
combine citjiey w|th acids or bases. It has but littlo action upon 
nitrate .of silver, even in the light. Glycerine, if spread upon pis? 
pr paper, doqs hot dry, bqt retains i,fcs moisture. Prom this eiraunir 
stance, and its , perfect neutrality, it, may be employed in photography 
as a means of preserving the moisture of sensitive collodion films 
and papovs. . 

Glycerine is decomposed hy Attrio acid, with tho formation of 
oxulic acid, carbonic acid, and water, When, therefore, glyoerine is 
used ns a preservative (hud in photography, U 10 nitrate bn(h should 
not contain free nitric feeUt, = ■ v ; ■> - =i ; : ■■ > 

A great many salts • watc^h^: ,4te< soluble* in 

glycori no. . . • I’Afe 4< W-4 ' : W •:»!#! p:rSr : ^p i; " ']? 

In the nmnufacture .of : 9 qo|}; .whioh ponsisfe in b oiling a fatty sub- 


fif »mS ne - glycerin ? ^ nn alknli > the oil combines with the 
alkali, and glycerine remains. See « Saponification.” 


m* 1 ! 8 sul)atnnce kns been recommended by 
Mi. Unidwioh to be added to collodion, in order when neccssnrv 

It aotS™ 6 ‘“y o. f Mucks of the negative, t ““S 
in tins nTtiolefwm tl ^ 10r .. k p! J3 °' f orgnnio m »ttcr, in tlio inode described 
me nt° • ° ° llemistr >’ of holography,” and "Develop- 

swect^rMin^dbfnfi^ 1 ?^ 1 s ' veet > pi?« “ root) is a sugar, or 

?° m the ''T™ root A strong infusion of 
nmd KlLi „ ‘ u ly . T,? oratetl to. “ small bulk, nnd sulphuric 
is to bn wnfti. ? • eoi P lt f te ^ a b 3 i containing sugar and albumen. This 
wrt sulphuric acid, and after- 

KlvcvrrhizinR nnrl i t l6n ?i SeS ^ m nlc °bol, which dissolves the 
ISs tlS aV vl^ A solution of carbonate of 
neutralized - . alcoholio solution till its acid is 

»s a.yeUowtasptot S ‘^ W ® ,, * ha ’ “ d fc 

temlenov^tn 8ol Vble in water nnd alcohol, and has a 

precimtates with ne , mtl1 a( J Hl3 > bases, and salts, and occasions 

with P 8iiboYide nf T 9t m6f ^° . aalts - Its Property of combining 
witn suboxide of silver renders it unaflii in *i,i ,1 * 


aleohS-Sni ^ lt n Pl’°b a bly to add a drop ortwoWthe 
w £ fit' feS t lG c ?‘ ? di ? n - Tbo ^hsitiyoness of the fib ft 
n U diminished, and the intensity of the negative increased, 


Gold, Symbol Au. ; Equivalent 200. - 

bs 

*ls L tte ™st Zst ? f« ? rai8 ' tll ° «:M 0 ‘ mtnin “ tl„ 


^olcL mav Si ' Plr : « nnd Mexico. 

in aqua- 
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water is pure gold. It may be fused in a crucible with a little 
borax, and a button, of gold obtained. 

Proto-sulphate of iron is a very delicate test of the presence of 
gold, producing a blue tint in a solution containing not more than 
the 60,000tli part of the metal. It also throws down the whole of 
the gold from its solutions, 

Gold melts at a bright red heat. It is so malleable that a single 
grain may be extended over 60 square inches of surface, and so 
ductile that a gram may be drawn out into 600 feet of wire. 

The pure acids have scarcely any action upon pure gold ; neither 
has sulphur, nor sulphuretted hydrogen. Chlorine, iodine, and 
bromine act upon it. Gold forms various interesting double salts, 
hud its oxide combines with the* alkalies, These compounds are 
described in their proper places. Sulphide of potassium is a solvent 
of gold, and forms .with it a double sulphide of gold and potassium. 
Metallic gold, in a state of fine division, has sometimes a purple 
tint. ... . 

Gold, Oxide op. There are two well defined oxides of gold, 
viss., the protoxide, Au. O, and the peroxide, Au. 0 8 , sometimes 
called auric acid. _ , 

Protoxide of gold is produced by evaporating a solution of the 
porohlorido to dryness, and stirring the residue till it acquires a 
yellow colour, taking care that the temperature never rises above 300. 
’Caustic potass.: is then added in solution, and protoxide of gold, 
separates, the liquid becoming deep yellow in consequence of tho 
solution of a part of the oxide in the alkali. If this be filtered and 
nitric aoid added so as exactly to saturate tho potass, hydrated 
protoxide of gold falls. It is of a deep violet colour, almost ap* 
proaoliing to black, insoluble in water and alcohol, and not decom- 
posed till heated to 400°, when it parts witli oxygen. It is not 
soluble in nitric, sulphuric, or acetic acids, only in aqua -regia. 
Hydrochloric acid converts it into metallic gold and porohlorido. of 
’ gold. P.otass and soda dissolve it in its nascent (state, and with 
ammonia it forms a purple detonating compound. The protoxide 
of gold is important in photography as it is possible that, combined, 
with organic matter, it may be .the compound which gives, the violet 
colour to positives that arc toned with gold. > : y 'n .W|. 1 

The peroxide of gold, or auric _ aoid, is obtained by, adding 
carbonate of potass to neutral chloride of gold,- and digesting at 
170°. Carbonic acid escapes, and the hydrated peroxide, subsides. 

Gka.ee Sugau; Glucose. II 2a O s9 . 
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This mortification of sugar, sometimes called ** Glucose,” is inter- 
esting in photography from the fact of its reducing the oxides of 
the noble metals to the metallic state without tho aid of light j a 
property which is not possessed by cane sugar. It forms tho hard 
saccharine eoneretion found in honey, raisins, dried figs, cto., and is 
contained abundantly in the juice of the grape. It may also he 
produced from starch by the action of acids. It is neither so sweet, 
nor so solublo in water as cane sugar. 

The expressed juico of the grape contains 30 or 40 per cent, of 
grape sugar. To obtain it, the juice is neutralized with chalk, 
strained nnd filtered, mixed with a little white of egg, boiled, 
skimmed, and evaporated till of the S. G. 1*82. It is then allowed 
to cool, and in a few days it concretes into n solid mass, which is 
drained, and then dried by pressure. It affords about 3 parts of 
dried grape sugar and 1 of syrup. The sugar may bo rendered 
white, by boiling it with charcoal. 

_ Grape sugar is sometimes made by noting upon potato-starch 
with dilute sulphuric acid. The process is hardly of sufficient 
interest to the photographer to be worthy of description in this 
plaeo. 

GjiovnI) Glass- A sheet of ground glass is generally used for 
the focussing screen of tho camera. It should bo ns finely ground 
as possible, and the best way to secure this is to use pinto glass 
ydiioli has not received the final polishing in the manufacture). A 
sheet, ofljplate .glass may bo ground by hand, by rubbing with a 
ism.allcr vpiRoc Of . ttiiok plate, and the finest powdered ornery moistened 
with w ater between) It ... takes three or four hours continuous labour 
to. do .this properly.^ The last rand finest grinding maybe given 
with a mixture of colcothar (red oxide of iron, iron rust,) nnd water, 
fostGlUl Of .pinery v>'. ,■ . ; 

Tho ground glass screen should be placed In tho camera with tho 
ground aide next' to the' lens j audit will bo found very useful to 
mark two cli agonal# 'across it,. and. also one central horizontal lino, 
and an odd number of vertical linos, with a lend pencil. 

A good substitute for a ground glass focussing screen fo to coat a 
piece of plato glass with spirit varnish applied to a cold plate, am! 
allowed to sot without heat. When dry, it forms a soim-opnqnc 
film upon tho glass. Benzole varnish with n little wax in solution 
also answers the purpose. 

Guataoum. A resinous exudation from the Guaiacum officinale, n 
lofty troo, native in Jamaica and St. Domingo. It is solublo to tho 
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extent of 90 per cent, in absolute alcohol. If a piece of paper bo 
dipped in tincture of guaincum, and exposed to the prismatic spec- 
trum, it is oxidized, and becomes of a green tint in the violet rays j 
but in the red rays the green colom is said to be destroyed. 

Gum. Ginn is a substance which occurs largely in the vegetable 
kingdom, and is characterized by forming a viscid adhesive solu- 
tion with water, which precipitates by the addition of alcohol a 
white magma. It occurs in the form of an exudation upon the 
bark of trees, and collects into drops, which gradually harden by 
exposure. 

There are two principal modifications of ' gum, one of which is 
well represented by gum arnbio, and the other by gum fcragaeanth, 

Gum Arario, This is the produce of various species of acacia , 
and is imported, from the Levant, Barbnry, Senegal, the Cape of 
Good Hope, and India. It is soluble in cold water, but more 
rapidly in boiling water. Its solution is acid, and reddens litmus 
paper, from the presence of permnlate of lime, It is insoluble in 
alcohol, ether, and oils. It enters into combination with some of 
the metallic oxides. 

Gum Dragon . Same ns Gum Tragaoanth, 

Gum Tragaoantil This gum is obtained from the shtralagus 
tragaoanther, which grows in Crete and the surrounding islands. 
It looks like twisted ribands, and is of a reddish white colour, nearly 
opaque, and a little ductile. When plunged into water it dissolves 
in part, swells considerably, and forms a thick inuoilnge, which when, 
boiled until water resembles a solution of gum nrabic. It is very 
difficult to pulverize, and should be heated to 212°, and pounded in 
a hot mortar. 

Gum Dammar, or, more properly, Dammar Itesin. This is a 
white resin brought from India, and obtained from the Finns 
dammar a. It is soluble in benzole, and makes a tolerably good 
varnish for photographs upon glass, which dries very quickly without 
heat. A portion only of Dammar is soluble in alcohol. 

Gun Cotton, or Pyroxylinc. The manufacture of this im- 
portant substance is described in the article <( Pyroxylinc. 

Gutta pkrcua. This useful article if. the produce of a very largo 



nnd lofty forest tree called the IsonandrcC gutta, which is native in- 
tlie islands of the Indian Archipelago. Some of its properties were 
lirsfc pointed out by Dr. W. Montgomerio in a letter to the Bengal 
Medical Board in 1848. 'When an incision is made in the bark of the 
above tree, a white substance exudes which becomes shortly, by expo- 
sure to air, bard and tough 5 this is pure gutta pcrclm. Neither tho 
’wood nor fruit of the tree appear to be of any great value ; and a full 
sized tree, when cut down and the gutta peroha collected in bamboos, 
yields about 30 or 40 pounds of gutta pcrclm. 

1 P ew ^' ft -* s sometimes contaminated with organic matters, 

bits of bark, and foreign substances. To purify it, it is rasped in cold 
water, which removes the greater part of the soluble organic matters 
and salts, and also facilitates the removal of portions of wood and 
earthy matters, for gutta pcrclm does not combine with any substance 
ol this kind, but merely holds it mechanically. The raspings are 
then washed and left to soak in warm water for several hours, and are 
nun lly dried, heated to about 280°, and kneaded into lumps. 

Uutta perclm may be softened by hot water, and in that stnto 
moulded into any form, stretched into sheets or straps, drawn out 
info tubes or threads, &o., and on cooling completely it hardens and 
retains the form given to it. It does not possess at any temperature 
tho peculiar elasticity of india-rubber. 

Gutta peroha resists tho action of cold water and damp, and all 
those agents winch promote fermentation. It is not acted on by 
^^when caustic and in tlieir most concentrated form; nor 
by ammonia, saline solutions, water containing carbonic acid, the 
various vegetable and mineral acids, and alcoholic liquors. 

Olive oil dissolves a small portion of it when hot, but precipi- 
tates it bn cooling. Sulphuric aoid with ono equivalent of water 
colours it brown, and disintegrates it until a sensible evolution 
ot sulphurous acid. Hydrochloric acid attacks it slowly, and 
verniers it brittle at a temperature of G8°. Monohydra ted nitric 
noicl attacks it rapidly, with effervescence and an abundant evolu- 
tion 01 iuines of hypomtrous acid, 

Only a small portion of gutta peroha can bo dissolved, oven with 
the Aid ol heat, in absolute alcohol or other. Benzole and spirits 
ot turpentme dissolve it partially when cold, and nearly completely 
hen hot Sulphide of carbon, and chloroform, dissolve it completely 
when cold ; the solution becoming perfectly clear and almost colourless 
when filtered under a bell glass. 

^ sometimes vulcanized witli sulphur, by a process 
• JfJ f ( V ^ r ' I f | f | | ncoc ) k in 1847. It is somotimes treated with 
oldomlo ot <£iuo, I he object of theso processes is to give it a hard 
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glazed surface free from stickiness. Vulcanized gutta perolia may bo 
varnished with a mixture of oil and resin, and polished till it acquire? 
the lustre of japanned wares. 

Gutta peroha is sometimes adulterated with the gums of otner 
trees, plaster of pavis, &e. ' > 

It is an exceedingly valuable material for the baths and dishes used 
in photography, but when omployed for these purposes should be 
scrupulously pure. 

It has a porous texture, and its cells contain air. I hey may be 
clearly seen in a thin film of gutta pcrcha placed under a powerful 
microscope. , 

Gutta pcrcha is of great value to the surgeon for forming splints lor 
fractured bones, since it can easily be moulded to any shape when 
hot, and becomes sufficiently hard and rigid on cooling. It is also 
very useful for many surgical instruments. 

Halo. Sometimes a halo, or line of light, is seen to surround the 
edges of dark objects in a photograph. It is produced by some pe- 
culiar action of light on iodide of silver, which is not yet understood. 
The effect is not due to the lens, since it occurs -in positives taken 
by superposition and printed by development upon iodide of silver, 
without any indication of the kind existing in the negative. I he 
effect may ‘bo frequently observed in daguerreotypes and collodion 
positives, and in collodion and paper negatives it shows itself as a 
black line surrounding the light parts of the negatives. 

This singular halo is never observed when chloride of silver is used 
instead of iodide. It may be removed in some measure by adding a 
chloride to the iodizing solution. The chlorides most soluble in al- 
cohol arc those of magnesium, calcium, (not chloride of lime,) and 
zinc. This addition diminishes the sensitiveness of the plate or pa- 
per, but increases the density of the negative, and renders it more 
uniform in the opacity of the blacks. 

Halogens. IIai.oid Salts. (Greek, «Xc sea salt, ei&oc form.) 
Haloid salts arc such ns arc formed by the combination of a salt in- 
dienl such as chlorine, iodine, bromine, See., with a metal suoh ns 
sodium, cadmium, &e. Chloride of sodium, iodido of potassium, 
bromide of cadmium, &c., arc haloid salts j and chlorine, broimno, 
iodine, &o. arc called “ halogens.” ;i , :i . ,-L’ ,' ;i , . 

Hklioghaimiy. (Greek the delineate,) 

Another name for photography^^ : 



31(3 


HEU 


HOE 


.T 1 hiimi 51 ’Ioa.l SeaP. A vessel is said to bo “ hermetically scaled” 
when its lips Jiro closed together perfectly by means of heat, na in 
t he case ot a thermometer tube. The term is derived from IIekmes, 
the fabulous founder of Egyptian chemistry. 

Honey. A sweet viscid liquor extracted by bees from the nec- 
taries or 'lowers, and deposited by them, apparently without under* 
going chemical change, in the waxen cells of their combs. 

l-lonoy is . of two kinds, viz., virgin honey, and common lioney, 
lho ton tier is that which flows spontaneously with n very gentle heat 
liom the comb,-— the latter that which is obtained by submitting the 
comb to pressure, The former is the purest, and is nearly colour- 
taste 18 ^ nc ^ ei » docker coloured, and not so agreeable to the 

Vivgth honey should be used in photography, and not the common 
kind, -whioli is frequently ; adulterated. 

Honoy contains two distinct kinds of sugar ; viz, grape sugar, and 
an uncrvatallizable species of syrup. The former possesses consider- 
able reducing properties, bonce its use as a reducing agent in photo- 
graphy, J.I10 syrup only possesses these properties to, a limited ox* 
tent, and its value in photography chiefly consists in its not drying 
or crystallizing, but retaining its moisture for a long time -when ox- 
posed. to the air. _ Honoy lias therefore been employed as a moans of 
p i 0sernng tlie moist condition of a sensitive collodion film ; but it is 
evident that a simple syrup which does not contain a strong reduc- 
ing agent, Snob as grape sugar, would be preferable to lioney ; golden 
syrup, ior instance, which is a pure forin of treacle, and free from 
grape sugar, is far better than honey; and perhaps glyoerino may 
be found still better than any form of syrup. But this question 
18 disyussed under the head of “ Preservative Processes;” q, v, 

It inspissated honeybe treated with absolutenlcohol, the thin portion 

contains principally the uncrystallizable syrup, and tlio grope sugar 
lomains for the most part undissolved, being less solublo in alcohol. 

Honey is soon decomposed in contact with nitrate of silver. 

Honey^uese^vative Process. See [< Preservative Processes ” 

. ni ?-° a ?, ? P sed oklonde of silver, somotimes called " lmin 

eoinea j a grey semi-trnnSparent conoret* mass, which is clnrkoncd 

s EOo" & bj T?? 0 ! U 7 > t0 W T ! l «^g point of horn silver 
Sl»h 0 A °fl.« ht ’ ™ heated “; io f above that point it volatilizes in dense 

slowly f,,>ion ;t “ tendi "S 10 
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Hungarian Solution. This liquid is sometimes used in the 
dagnciTeofcype process for excitiiig the plate at one operation. Its 
composition, has not been published, but it is supposed to be a dilute 
alcoholic solution of iodine, bromine, and chlorine, in certain propor- 
tions. Its use is now nearly superseded by that of bromide of lime; 
q, v. 

Hydrate. "When water enters into direct combination with a 
body the compound is culled a hydrate of that body. For instance, 
water combines energetically with slaked lime, and the compound is 
called “ hydrate of lime.” Sometimes water combines less energetic- 
ally with bodies, and merely in such a way as to constitute what is 
called their water of crystallization, which may be expelled by heat ; 
in this case the term hydrate is not employed. 

Hydriodates. Salts formed by the combination of hydrioclic 
acid with bases. Sometimes a salt is called a hydriodate of a base 
when it ought more' proporly to he termed an iodide of a metal. 
Iodide, of potassium for instance contains no water of crystallization, 
and the term hydriodate of potass is therefore incorrectly applied to 
it. The same may bo said of many hydrooldorates, hydrosulphates, 
&c. 

Hydriodio Aoip. HI =127. This acid is a combination of 
equal volumes of hydrogen and iodine, which unite in the gaseous 
form without decrease of volume. It is obtained by gently heating 
1 part of phosphorus, 14 of iodide of potassium, 20 of iodine, and 
a little water. The formula of the action is, according to Gmelin, 

2 KI+5 I+P+7 HO b=2 KO, K) 6 -}-7 HI. 

Hydriodio acid may also be formed by passing a mixture of 
hydrogen and the vapour of iodine, through a red hot iron tube. 
The nCidgns maybe oollected over mercury, but is soon decomposed 

by tho mercury, which takes a part of the iodine, 

Hydriodio acid gas is extremely sour and reddens, litmus 'pjiper, 
colourless, and exhales fumes in the air. It extinguish'Dstfattiei 
and is not inflammable. It may bo liquefied uncW pressure, and 
becomes solid at a temperature of 80° Faht,- •■It’i^^eriiianent 
at a red heat. Chlorine decomposes hydriodio tiCid, producing 
hydrochloric acid and iodine, and chloride ; of Iodine^ Nitric acid 
decomposes it with great violence, and in gonetfiflii Oxidizing agents 
decompose it by Aftd Ubefafeng 

iodine. • • v ~ ; v ' : j & :■ ■ ■ 5 ; ;; V 'Y ~ ‘ ' . 



218 


1-IYD 


Ilydriodie acid: gas mixes readily with water. The S. G. of the 
strongest liquid acid is 1‘7. It becomes dark coloured when kepi 
in contact with air, in consequence of a partial decomposition. 
Aqueous hydviodic acid may readily be produced by pnssbig sul- 
phuretted hydrogen through a mixture of iodine and water ; the 
sulphur is precipitated, and hydviodic noid produced. On heating 
and filtering the liquor a pure solution of hydriodio neid is obtained. 

Hybriodous Acid ; J-II 3 . A solution of iodide of potassium, 
or zinc, will take up a quantity of iodine equal to that which it 
already contains. These salts have been sometimes called “ io dim: lied 
iodides,” and the acid has been termed " liydriodous acid.” 


Hydro-Carbon. Hydrogen and carbon combino in a great 
many different proportions, forming compounds many of which 
possess considerable interest. It rarely happens, however, Unit 
these compounds con be obtained synthetically by actually mixing 
the ingredients ; they are in general produced by the decomposition 
of organic matters. 

Some of the principal hydro-carbons are as follows : 


Light-cnvburettfid hydrogen . 
Olefiant gas . * . 

Bicarbide of hydrogen . , 

Etherine . . , ", 

a a . . , 

nlin . , . ' 


=3 


0 

C 8 

a: Si 


and also common coal gas, oil gas, rosin gas, coal tar, and many 
analogous substances, s 1 . . 

The . characteristic properties of tho. hydro-carbons aro their 
combustibility', and- the energy with which they arc in gouoriil 
decomposed; by chlorine when exposed to light, tho result being tins 
production of hydroohloric noid, ancblhe liberation of carbon. Baino 
of the . hydro-carbons are isomeric, and yet possess disti native) 
pecuhnritiesw^gp . 

. Light-carburotted.hydi'ogen may. bo. prodded artificially, by mix- 
ing 40 parts crystallizea* acetate of .soda, departs solid hydrnta of 
potass, nud 60 pnrts : of powdered qvu Q k lime. When this mixture 
is-.strongly heated m a retort, the gns passes over, and uuiv bo 

gW 8 ? ^ ver Ifc 8 damp, iof opal mines, nud tlm 

i« qnqip,. which proceeds from stagnant and decomposing mud. 

' Hqmiqon coal gas is composed chiefly of carbon, hydrogen, aud 
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sulplmr, and is produced by tho destructive distillation of coal, the 
volatile substances passing over, mid coke remaining in the retort. 
The volatile matters are first passed through a condenser kept cold 
by immersion in water, and hero the water, tar, nmmoniueal liquor 
and other condensable vapours are retained. Tho gases which pass 
over, and which consist chiefly of envburetted hydrogen, hydrogen, 
sulphuretted hydrogen, carbonic oxide, carbonic acid, nitrogen, and 
cyanogen, are then passed through a mixture of quick limo and water 
in a vessel cnlled a purifier, by which a largo portion of the sulphur- 
etted hydrogen and enrbonio acid are absorbed; the remaining mixed 
gases are then sufficiently pure' for the ordinary purposes of illumina- 
tion. 

Olefiant Gas, and Naphtha are described in their proper places ; 
q. v. 

I-lYBiiooiitoitrc Acid; II C1.es 37. This acid is sometimes 
called “ muriatic acid,” and “ chlorhydvic acid.” It is formed by 
combining equal volumes of hydrogen and chlorine, which unite with- 
out diminution of volume, tho result being a strongly acid gas, The 
simplest mode of effecting this combination is to expose the mixed 
gases to light. In diffused daylight they combine gradually, but in 
strong sunshine at once, and with explosion. If a mixture of equal 
volumes of hydrogen and chlorine bo collected over water in a tall 
graduated glass jar, and exposed to diffused light, the gases gradually 
combine and form hydrochloric noid ; this is absorbed by the water, 
which lias a strong affinity for it, as fast ns it is formed, and the water 
therefore rises in tho tube. It is found by this experiment that the 
quantity of acid produced is proportional to the time of exposure to 
light. 

Hydrochloric noid is readily obtained by adding diluted sulphuric 
acid to common salt in a retort, mid applying heat to the mixture. 
Tho chlorine of. tho salt combines with the hydrogen of the water to 
form hydrochloric noid, tho sodium is oxidized, and sulphate of soda 
left in the retort. 

Dry hydrochloric acid gas is colourless, and fumes in tho air from 
its absorption of moisture. It is intensely sour, uud combines readily 
with wilier. The S. G. of the strongest liquid noid is D210, and 
water takes up 500 times its bulk of the gas. It boils at 112°, and 
freezes nt — 00°. 

Tho impurities in commercial liquid hydroohlorio noid, find which 
givo it a yellowish colour, are principally organic matter (from bits 
of cork, lute, &o.), a trace of bromine, chloride of iron, sulphuric 
acid, and sometimes nitric and sulphurous acids, and also a trace of 
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arsenic, By adding chloride of barium, and redistilling the acid. 

tiio principal impurities are removed. 

? cid acts T 011 some of the metals, and produces 
coiiespdmling chlorides. It precipitates chloride of silver from the 
soluble salts of the oxide. 

Tbe salts of hydrochloric noid, mid also 
'* hydroohlorates ’’ C 1 COntam wat ® of crystallisation, are called 

Hydrocyanic Aoidj Prussic acid; C 0 Nil, or II Cy,=27. 
lydr°gen and cyanogen have no tendency to direct combination, 
but hydrocyanic acid may be produced by acting on cyanide of 
mercury with hydrochloric acid, distilling tlie mixture with a gentle 
heftt^ «nd surrounding the condenser with ice. Anhydrous hydro- 

r;rr ! ^ obt f inQ( V s a Hm P i(1 % uid lmvi »g a strong odour 
!'S P'l ° f bitt ® It namely nd’cota tlio blue of litmus, 

and is decomposed by light, with the evolution of ammonia, Tt is 

ftweS? V t, l’- Wt " d “P of il let f “" »Pon » glnss plate 
newes itself. It combines readily with water. 1 

n r cI be readily obtained by distilling 

a nixtu e of equal parts of cyanide of potassium and sulphuric acid ; 

m ^ ice its wci S llt of water, and the 
8U x, V WR !Y K ] fluted with three times its woight of water. 

1Sltt^^ P °T?T 8 A. tt ! e ‘nost oflbetivo antidotes are 
laSWllttl 6, ■ 9V®* not a colTecfc criterion of its 

of mlrn,c of sU ™ ii uuo " 

AbiD. / in?. This acid is obtained bv distilling 
_ A I* wdoiC( } floor spar (fluoride of calcium), with twice its weigh? 

plume acid. The acid which passes over is a highly volatile 
and corrosive liquid, which acts powerfully on glass • tiic rotorl 

platituin '^KrtheVtT'' 10 ° f 1CW !’ , nn< ? , lhc tubc 1111(1 ’ receiver of 
ken Tn h f ^ 8U1 ™ u \ dc(1 »»* ice. This acid must be 

ai/nn l li 1 Hottlo. It is oolouvless, fumes in the 

0 vSnl -wZ 0i Jt 1 powor ul . f 1 % water, exceeding flint of oil 

1 eaf Tr ‘ “ ° ?! tcr il and evolves great 

eat. It acts vigorous y on the skin, and produces bud sores and 

dangerous ulcers, if carelessly handled. “ 

with wifi??. 01 p, ;° 1,Crty ? f ''J-drofluorio odd is tho energy 
with which it attacks . glass, producing heat nnd .clforvcsconoo when 
dropped upon it. Diluted with 6 times its woight of walor it is 
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used for etching upon glass, See “ Etching by Photography.” Tho 
fumes of hydrofluoric acid destroy tho polish and dim tho surface 
of glass,. Focussing screens are sometimes made in this way instead 
of grinding the glass. 

♦ 

Hydrogen. Hsl. (Greek, vScop water, and yeryeiv to pro- 
duce.) 

Hydrogen is the lightest of all known bodies, and its atomic 
weight is therefore taken ns the unit of the scale of equivalents. Tt 
may be obtained in a somewhat impure form by acting on some bits of 
Kino, or iron filings, with dilute sulphuric acid. Water is decomposed, 
its oxygen going to the motnl to form a sulphate, and hydrogen 
being givon off. The best proportions appear to be, zinc 3 parts, 
sulphuric acid 5 parts, water 25 parts. Pure hydrogen may bo 
obtained by acting on pure water with an amalgam of potassium or 
sodium. Hydrogen may also bo obtained by passing steam through 
a red-hot gun-barrel. 

i Hydrogen is inflammable, but extinguishes flame. When mixed 
with oxygon or atmospheric air in sufficient quantity it explodes with 
violence. It has a high power of refracting light. When pure it is 
colourless, tasteless, and nearly inodorous. Water only takes up about 
1 per cent, of it. 

Hydrogen plays an important part in many of the chemical changes 
produced by light. This matter will be found discussed in the article 
on the “ Chemistry of Photography j” q,v, 

Hydrogen is supposed by many chemists to be a metal in the form 
of vapour, and to be the acidifying prinoiplo of some acids. Take, 
for instance, sulphuric acid ; this substance, so powerful an acid in 
its hydrated or common form, does not when pure and perfectly an- 
hydrous redden litmus paper, or exhibit any acid properties. Other 
similar cases might bo quoted. « 

Hydrogen, Oxide of. There are two oxides of hydrogen, viz., 
water, which is the protoxide; and oxygenated water, or pcroxiclo 
of hyclrbgorj, or ozone, about which very little is known at present. 
Sue “ Water ” and “ Ozone.” 

Hydrogen-Acids, or Hydraoids, _ These .nre the ncidsl'hieli 
hydrogen forms with chlorine, sulphur, iodino, ,&o,j n;id which are 
described under their various heads. The term “ hy^aoid/lis used 
in contradistinction to “ oxacid,” - in \y||phvpx|||^^|pihatipn 
with another element . forms the electro-negative /constituent of a 
salt, ' .... : , 
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,, instrument for measuring. the specific gruvi- 

tics ot iiqiucls. ; ^commonest form is a long graduated tube loaded 
nt tlie bottpm, and allowed to float in the liquid to be tested, the 
depth to winch it sinks being indicated by the scalo, The principle 
ot tho instrument consists in the fact, that a floating body displaces 
a quantity of liquid exactly equal in weight to itself. The hydrometer 
nltords, therefore, a measure of the volume of the liquid necessary to 
counterbalance in weight tho weight of tile instrument} and by 
comparing these measures of volume when different liquids are tested* 

dcternihied ^ 1 ' ftvl *' iea ^ ie rea l )e °tivo liquids may be compared and 

The most convenient form of hydrometer on this principle is that 
of Zftnetti, manufactured at Manchester It is sold in sets of six, 
and tho a. G. is got by adding a cipher to tho number of do- 
ff 1 ’ 6 ®® indicated j the assumed temperature being 60° Faht. 

Ihe hydrometers of Twaddle, and Ecamn6, arc constructed on tho 
same principle, but graduated differently. There are two forms of 
iJcaume 8 hydrometer ; one for measuring the S. (5. of liquids 
heavier than water, and called a “phewide” or “ phe-sirop 
the other, for liquids lighter than water, and called a “ pese-esprit” 
.these instruments are much used both in Franco and England, and 
are sometimes called “Areometers,” 

4.1 different principle of construction has been adopted in 

the hydrometers of Nicholson, and Fahrenheit. In those instruments 
the ime of flotation m water at 60° is marked, and when immersed 
m. the liquid to be. tested the instrument is loaded until it sinks to 
the same level, --the weight required to bo added or removed deter- 
mining the S . G, of the liquid. 

• t l oe8 not nffoY d ® n exact test of tho strongtli of 
an- oW nitrate liath, because the bath acquires by uso nitrato of potass 
and other contaminations, which increase its specific gravity. 

^HYDRosuLpm^ iQif Ammonia; sulphide of ammonium : NH 8 , 

9f ''* his com P ouncl may be obtninod by 
wifi? if P°f lon f lK l 1,or ammom® into two parts, saturating ono 
with hydrosulplnmq acid, and then adding it to tho othey.v It 

tfie nt' h Wd, « decomposes: and turns brown in 
the air, and lms-amost pffen;sive::smell,,likea'ottoh eggs. 

acid, hydro* 

°f s h!pl»de of (ammoiiiuht is -produced, 1 winch is a double 
.sulphur salt, tlie formula of which is 

■If n few drops of sulpiride of ammonium 'are : added to a pint of 


water, and a fixed positive print immersed in it, the print darkens 
from red to brown, thence to purple and black, and becomes 
ultimately a pale yellow; exhibiting, in a few minutes, all the 
changes which a fading photograph usually undergoes. Unless the 
print is completely fixed before immersing it in this bath it is immedi- 
ately discoloured all over with a brown coating of sulphide of silver. 

Hydiiosulwiumo Aoid ; Sulphuretted hydrogen; IIS =17. 
Sometimes called hydro-thionic acid. 

This gas is readily obtained by noting an proto-sulphide of iron 
with dilute sulphuric acid; or by heating in a llnsk equal parts of 
tallow and powdered sulphur. In the former case water is decom- 
posed, the hydrogen combining with the sulphur to form hydro- 
sulphuric acid, and the oxygen going to the iron to form proto- 
sulphate of iron. The second method yields the purest gas. 

At ordinary temperatures hydrosulplumo noid is gaseous $ it is 
liquefied under a pressure of 17 atmospheres, and becomes solid at 
a temperature of — 132° Uaht. It is inflammable, but extinguishes 
finmo ; highly poisonous, and its odour extremely offensive, resembling 
that mf rotten eggs. Cold water takes up about three times its 
volume of this gas, and tlie solution' is slightly acid to litmus 
paper. 

llydrosulplmrio acid throws down silver, gold, and many other 
metals from then solutions, by forming insoluble sulphides, of 
various colours ; See u Sulphides.” It combines with many of the 
basic sulphides and forms double sulphur salts.. 

Hydrosulpliuric acid is immediately decomposed by iodine, 
chlorine, and bromine, and sulphur precipitated. It is also decom- 
posed by nitric noid. In combination with potass, or soda, it is 
capable of dissolving gold, and forming a double sulphide of gold 
and potassium or sodium. Silver may probably bo acted on in the 
same way, and the yellow material of a faded photograph may bo 
a double sulphide of silver and sodium. 

Hyposulphite op Gold and Soda. See “ Sel d’or.” 

Htposui.rum: op Silver and Soda ; 2 (Nn. 0, S Q 0 9 ) 4- 
Ag.O,S s O a +2IIO. 

When chloride of silver is dissolved in hyposulphite of soda, and 
the solution evaporated, lamellar crystals of the nbovo salt are 
obtained. They are of n dirty grey colour, and contain two atoms 
of water. They are unaltered by exposure to air: and light, arc 
very soluble in water, and lmvo a sweet taste. When the iodide, 
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l i li • of silver nvc dissolved in hyposulphite of 

soda, tins double, selt is produced, together with iodide? chloride, bro- 
mute, isco., of sodium. It is nearly insoluble in alcohol. 

Hyposulphite of silver alone cannot be isolated. It is no sooner 
lormecl than it undergoes decomposition into sulphide of silver 
ancl sulphurous acid, unless excess ot hyposulphite of soda be present • 
in which case a double salt is produced. 

Hyposulphite op Soda. Nn, 0, S, 0,+S HO=126. 

L Ins salt has been used largely in photography for some years, 
Imt its use 1ms had so much to do with the fading of photographs, 
tlmt it 1ms now become very desirable to find a substitute for it. 
its uses in fixing and toning arc discussed in the articles treating 
ot the various processes, and we shall therefore, in fho present! 
moreJv describe its mode of manufacture, and principal properties. 

. ? f Gryjtallwed carbonate of soda 8 parts, rain water 10 parts, 
sublimed sulphur 1 part. Mix the ingredients, and pass through 
ho mixture sulphurous acid gas. As soon as this acid is in excess, 
the liquid contains hyposulphite of soda in solution. Boil it gently 
for some minutes, filter it, and then evaporate it to ono third of its 

Wsicied piW m a C0 ° plttC ° t0 a ' ilB 01 PW 3 VP 

Hyposulphite of soda deliquesces in the air. Its taste is bitter 
Wnfi ™ion heated it fuses, deflagrates, and takes fire, 

It is insoluble in alcohol, which pro- 
a ^cous solution, Ifc is a ready solvent of tlio 
jflrp salts of silver, and tips, its principal use in photography, was 

■ .It 19. neutral to test paper, and 

nS H JOT 1 U with > WMfa of edict. 1 Largo 
quantities ofthh* pftlt are,nq,w m«de m the neighbourhood of New- 
casti6?uppu- Ayae, 

The jddftKoim aeg'tp a solution of hyposulphite of soda ron- 
IlivTJon y tHo PPWtipn.gf. B^huriu , n of finp 

Hyposulphites. Many of the metnllio oxides combine with 

ofTbpS"/ 0113 a<? “- f nd fo ( rill % 0 ^pUitee, but at present jiono 
flSvIl p ° esany interest in photography except %se ,of gqht ami 

mJsMv f'fi 10 nMles^iul alkaline earths, 

mostly act w the same wav as that of soda in dissolving tho hnlpicl 
salts of silver. Ilyposulplute of kme might probably be mauufno- 
thbn that of soda, and from experiments of X>x. 
Alfred Taylor it appears to answer, as well, or even better. 



Hyi*osuli»hurous A Oil) ; Sg Og. 
ted. It only exists. in combination. 


This acid has not been isok' 


Tok. Water solidified by cold. Tee is in general pure water, for 
when water freezes it rejects nil saline matters and impurities ■ 
melted ice may therefore be used in photography instead of distilled 
water. L his may sometimes be found a convenience to tlio photo- 
graphic tourist on the continent, since ice can be obtained at the 
hotels of all large continental towns. The melting point of ice is 
32 Inht., and 0 Centigrade. Water may be frozen by artificial 
cold produced by various freezing mixtures ; q, v. 


Iceland Moss. Cetraria Islandica. A lichen which grows in 
exposed paces in Iceland, and is used by the natives ns food.. When 
boiled with water, and allowed to cool, it forms a jelly. It is some- 
times used m photography instead of gelatine, which it resembles in 
its properties. 


Iohla.ni) Si’Ait. ( Native carbonnto of lime, crystallized and pure, 
he orntnls exhibit the phenomenon of " double rcIVnotioiW (See 
Light, ) and are used in experiments of polarized light. Their 
form is an obtuse rhomboid of 105° 6' and U° G6', according to 
.Ur. Wollaston. They are not always transparent, but sometimes 
opaque, or snow wlutc, or tinged of different hues. 


Illumination. The illumination of a smfnco varies inversely as 
the semnro of its distaneo from the sourco of light. The same quon- 
tity of light which falls upon a certain area at a distance of 1 foot 
irom the luminous body will bo extended over 4 times that area at a 
distance of 2 feet, 9 times at a distaneo of 3 feet, 100 times at a' 
distance ot 10 feet, and so on. This is evident from the considera- 
tion of the sections of a pyramid made at distances 1, 2, 3,-10 from 
, tlio vortex, Honce the rule stated nbovo. 

Image. A term used in optics to denote an assemblage or sys- 
tem of foci. When the foci are “real” the image is "mil," and 
when " virtual," “ virtual," (See “ Focus.") The imago formed by 
the lens of a camera obseura is a « real ” imago, and it illuminates 
a screen placed to receive it; the imago formed by a looking-glass 
is not a real but a vijlunl imago. In tlio former case ..the rays ao» 
tnaUy pass through tho image, in the ktterfff ;i|(^j|5dJiii^|nfectioiis ' 
of tlio rays produced backwards which pass tliTOugji.jtjk image. 

In optics a luminous body is coivsidbfodfltB^bodif ?usseiiibkgo of 
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luminous points,, from each of which a pencil of light proceeds, tlicso 
pencils not interfering with one anotlior, Each pencil being then 
m. . through a convex lens, its rays are brought to a focus. 
11ns locus is sometimes called the image of the luminous point 
which eraitstlie rays that arc collected in it, and the assemblage of 
all these foci constitutes the image of the object. 

^tinctness of the image will depend upon the accuracy 
with winch the rays of each particular pencil are brought to a focus. 

bince the objects are in general at different distances from the 
lens, the image does not necessarily lie upon a plane or upon any 
regular curved surface. J 


Imperial Measure. See “ Tables of Weights and Measures.” 

Imponderable Agents. Light, Heat, and tho various forms of 
Electricity are called “imponderable agents,” because they cannot 
be weighed. When the philosopher is called on to givo n definition 
ot matter, lie replies, “Matter is whatever can be proved to possess 
weight, that is, to be subject to thg law of gravitation.” Light and 
Heat are probably the undulations of a medium so subtle that it 
has not yet been weighed; and neither light, heat, nor electricity 
perceptibly affect the weight of bodies that are affected by them j 
hence they aye called imponderable or immaterial agents j the terms 
imponderable and “immaterial” being strictly synonymous, 
according to the definition of matter. J J ‘ 

It is probable that light, heat, and the various forms of. electricity 
adulations of an elastic medium pervading spaco, which, 
Wthpng^~p^bt s may not be appreciable by our senses aided by 
any loim.ot apparatus, may still; possess weight, and ho material. 
Allis subtle, btlt material ether may be supposed to fill the interstices 
between the^atoms of bodies, and by its motions to disturb their ro- 
Jntivo positions, m suoji nway ns to produce the phenomena duo to 
wlmt are called the “ imponderable agents.” The difference between 

ir!’ M K, °H c 5 noit .Y would depend, according to this hypothesis, 
nppn the kind and length of the undulation, and the volooity of its 
propagation; so that these agents may aotually glide one into 1 tho 
othei, and beeome merely modified cases of one form of matter in ino- 
i ? e f n^^peculationsj lot them .not be confounded with 
enm W 1 ^ ^^speculation is a necessary part of plnlosophio 
RSL**r <l flS f01 :J 6 ' m “ ulnt 9W theory ofliglit, that is now.rcceivod 
fL ii !” on Y, lth tl10 snmeiaitli. as tlie. lailof universal gravitn- 

hypotheses rest upon, equally strongfevidonoe, and there 
is the highest degree of moral certainty of. their truth. 
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Incidence, Angle op. When a rny of light is incident upon 
tiic surface of any medium, the angle which it makes with the normal 
to the surface at the point of incidence is called the “ angle of 
incidence,” 

, IncowiodibIiE Ink, used for writing the lables of bottles contain- 
ing strong acids or alkalis Dissolve one part of nsphaltum in two 
parts of oil of turpentine. 

Indian Ink. Pure indinn ink is manufactured in China, A 
ycry {pod imitation may be made in the following manner 

Grind together lamp black, (previously purified with caustic potass,) 
and gelatine, the gelatinizing power of winch has been partly destroyed 
by long continued boiling. It may then bo scented with musk and a 
little camphor, and made into sticks. 

Indian ink is used in photography for blackening the skies of col- 
lodion and paper negatives. It may bo mndo extemporaneously by 
blackening the inside of a pinto over the flame of a candle, and mixing 
up the lamp black thus obtained with a little gelatine water, 

Indian Bubbeti. Soo “ Caoutchouc,” 

Indigo. This valuable dye and pigment is of vegotablo origin, 
and comes principally from India, being manufactured from the 
leaves and stems of the indigo plant. There arc also West Indian, 
Egyptian, and Arabian varieties. Indigo is also obtained from 
Wond. , 

. ’ll 10 se ?d 9 of the plant are sown in the spring, and the plant is cut ns 
it comes into blossom. Sometimes the indigo is obtained from the 
fermentation of tho fresh leaves and stems, at other times from the 
dried leaves. An infusion is inado which after fermentation is of a 
yellowish or greenish colour. It is then decanted and beaten with 
, sticks for some time, which expels the carbonic acid from tho liquid, 
and brings the particles of indigo into contact with the oxygon of 
tho air j they then separate in grains and fall to tho bottom of tho 
vessel, tho liquid becoming clear. 

Indigo ii a dark blue powder, devoid of tnato or smelt, insoluble in 
water, cold alcohol, ether, hydrochloric acid, and fat oils, but soluble 
in strong sulphuric acid, and crcusotc. The commercial sample con- 
tains scarcely one half of pure indigo, tho remainder boing composed 
of resinous substances, silica, alumina, oxide of iron, carbonate of , 
lime, &o. 

Wien indigo is placed in contact with a substance having a strong 
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affinity for oxygen,’ it; parte with oxygon and takes hydrogen, becoming 
hydruretted and losing its colour, and forming white indigo, (indigo- 
tine^ by exposure to air and heat. This again absorbs oxygen, and 
acquires its former blue colour. White indigo is soluble in alcohol 
and ether, and js very unstable. Although, therefore, many substances 
may deprive indigo. of its colour, yep it has always a tendency to 
recover it by becoming again oxidized. 

Indigo dissolved in strong sulphuric acid forms a deep blue liquid, 
called sulphate of indigo. 

Indigo is likely to provo a valuable substance in the photographic 
process of printing in pigments. 


Inflexion or Light. See “Light.” 

Ink. Common black writing ink is tnnnato of iron, It is made 
thus : 

Take Bruised nut-galls , . ,12 parts 

Sulphate of iron , , , 4 „ 

Gum nrabio . . . 4 „ 

Water . . , , 120 

Mix togethor in a stone bottle, and let them stand for two or three 
weeks, shaking the bottle from time to time. Then, pour off the 
clear liquor, and add a little creosote to prevent mouldiness. 

It an ounce ol treaclo be added to a pint of common black writing 
ink, the writing may bo transferred by means of a copying machine. 

Indelible Ink. Berzelius’s indelible ink is made by adding 
a weak solution of vanadate of ammonia to an infusion of galls. A 
vciy 9 innll quantity of the suit will produce a perfectly black ink. 

Ink-Puintino Process. By this process positive prints may 
be obtained in common writing ink. 

The paper is first immersed in a nearly saturated solution of 
bichromate of potass, and dried in the dark. It is of a bright 
yellow colour, < •. . - “ 

It is then exposed to light under the .'negative in tho pressure 
triune, until all the details of the picture are brought out. The time 
required is less than that in ordinary sumprinting. Tho picture is 
oi n pale brown tint upon a yellow ground. 

The picture is then washed in water, in order to vomovo thowholo 
of the imdccomposed chromium salt. Tho water should bo changed 
sevorn times and the print left to soak in it for two or three hours, 
llus should bo done in the dark room. 


When the print lias beon sufficiently washed it may be taken into 
the light, awl the picture, which is now a pale brown upon a white 
ground, is permanently fixed, the dark material being an oxide of 
chromium in combination with the lignin of the paper. 

It now remains to colour the print black or purple. This is done 
by causing writing ink to adhere to the dark parts of the picture, 
which act ns a mordant. 

Immerse the print for a few minutes in a weak solution of proto- 
sulphate of iron, say B grains to the ounce of water. Then remove 
it, and wash it as before in several changes of water, and let it soak 
for two or three hours in water. The iron salt adheres to the 
imago or mordant, but in much less quantity to the boro lignin of 
the paper. 

Next, immerse it in a solution of tannic acid, of moderate 
strength. . The dark parts of the picture are rapidly blackened by 
the formation of tannnto of iron, or writing ink ; the lights remain- 
ing unchanged. When fully developed wash the print well in water, 
and dry it. It is now finished. 

Tire difficulties of the process consist in thoroughly removing the 
chromium and iron salts from the paper, so as to preserve the purity 
of the whites; and also in obtaining blacks of sufficient depth and 
vigour. The prints are permanent, and uniform in colour, and the 
detail very good ; the process is also very economical. The paper 
may either bo albumenizcd or gelatinized by mixing albumen or 
gelatine with the bichromate of potass. These organic substances 
are fixed and rendered insoluble by the reduction of the chromium, 
and arc washed out from the parts whore light has not acted. The 
details of the picture are therefore glazed upon a dead ground of 
white paper. The most vigorous prints are obtained upon unsized 
paper, but this is very liable to get tom in the operations of 
washing. 

Insolation, Exposure to sunshine. 

Instantaneous Pictures. Photographs obtained in a frac- 
tional part of a second of time arc said to bo instantaneous. There 
is no particular process more sensitive than any in common use by 
which instantaneous pictures may be taken. ' Either the ordinary 
collodion' process in its most efficient working stale, or the daguerre- 
otype process, is employed for this class of pictures. The mstnn- 
tnneily of tho exposure is got by increasing the intensity of light in 
the imago by using a lens with large aporlurc, which must, of 
course, be provided with tho means of opening and shutting it in- 
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stnntnneously, 3?oi' this latter purpose many different plans lu 
linve been suggested. ' It is evident that the space to bo uncovei 
and dosed should be the smallest through which all the lij 
passes ; lienee the absurdity of spring shutters for the dark alii 
for the picture is the largest space on which light is incident. I 
proper place for the instantaneous cap, ns it is called, is in front 
the front lens. 

According to some recent experiments of Professor Znutodesc 
of Padua, it appears that the presence of the atmosphere in conti 
with the sensitive collodion film retards the action of light, and tl 
sensitive iodide of silver is darkened much more rapidly “ in vacuc 
It seems probable, therefore, that the chemistry of the prow 
remaining the same a shorter exposure might suffice if tho canu 
could he exhausted of air after the insertion of tho plate. Tl 
experiment might be tried without any great difficulty or oxpen: 
mjd, if successful, it would bo a great step in photography, 
seems probable ^enough that a quantity of air entangled with t 
other chemicals in the sensitive film might interfere with their muti 
reactions under the influence of light, while the atmospheric pressu 
of 16lbs to every square inch of film might render it more compr 
and less sensitive. Besides, should any gas bo given off during t 
decomposition of any of tho chemicals by light, this would rendi 
escape and diffuse itself in vaono, instead of remaining to intorfc 
with farther decomposition. Both theory and experiment seci 
therefore, to be in favour of exhausting tho camera of air in t 
instantaneous processes. 

J-NvisiBitE Bays of the Spectrum. . Tho invisible rays beyoi 
the extreme violet are, fora certain distance, actinic, and dark 
sensitive .paper. Those rays are the most refrangible, and t 
undulations are tho. shortest. They may he rendered visible I 
being passed into n solution of sulphate of quiuino. (See “]?lu 
l'csccnee,”) The invisible rays of the spectrum beyond the cxtrci 
reel are, for a certain distance, calorific, and their oxislonco may 
proved by the heat winch, they produce. Those rays are tho Ion 
refrangible, and the undulations have the greatest length. It 
probable that both tho rays of maximum actinic and colorific pow< 
be within the limits of tho visible spectrum } but this 'will clopei 
upon the nature of the substance acted on, 

Interference, $?e “Light." 
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Iodate of Ammonia, NH 3 , 10^ HO. This salt is obtained 
by saturating- iodic acid with ammonia. It forms small crystals 
sparingly soluble in water. 

Iodate of Poi'ass. ICO, I0 B . This salt is cue of the products 
of the action of iodine on solution of potass. It is insoluble in alco- 
hol S, G. 810, and requires 14 parts of water at 00° for its solution; 
but is more soluble in a solution of iodide of potassium. It crys- 
tallizes in small cubes. When heated it gives off oxygen and is 
converted into iodide of potassium. It is permanent in the air. 

Ion ate of Silver. Ag. 0, 10 6 . This’salt is precipitated ns a 
white powder when iodntc of potass is added to nitrate of silver. It 
is very soluble in liquor nminonim.nnd is deposited from this solution 
in small rectangular prisms which retain no ammonia. It is not 
sensitive to light. 

loom Aon). IO B . This acid cannot he obtained by the direct 
action of oxygen upon iodine, but may bo produced by the action of 
sulphuric add upon iodate of soda. It combines with water and 
acts powerfully upon the metals, forming salts which are reduced to 
iodides by the action of heat. 

Iodides, Salts formed by tlio combination of iodine with a 
metal, or other dement. 

Iodide of Ammonium. NH 4 Ik= 144. This salt is made thus 
Add iodine to a strong solution of hydrosnlphato of ammonia, until 
it begins to be coloured with iodine. On first adding the iodine a 
dense doposit of sulphur occurs, The solution is now acid to test- 
paper, from the presence of a little hydriodio aoid. Neutralize this 
carefully with ammonia, and then filter, evaporate, and crystallizo. 
The crystals arc colourless cubes, very deliquescent, and unstable 
in the air. They should be dried and preserved in glass tubes 
hermetically sealed. 

Iodide of ammonium is extremely soluble both in water and alco- 
hol j but its alcoholic solution becomes discoloured by time, and when 
exposed to sunshine this change proceeds with great rapidity, tho 
solution becoming at the same time alkaline. 

lodido of ammonium should not be used as an iodizor for negative 
collodion, -on account of its great instability, by which free ioding is 
liberated and transferred to the bath, and also because nitrate of nmmo- 
nia is produced in the bath, which is a salt that ought not to exist 
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m a ncgntiyobatli because of its instability and property of dissolving 
oxide of silyey. Iodide of ammonium may however be used ns an 
lodixey of positive collodion, because in that ease tho nitrate bath 
ought to bo acidified with free nitvio acid, which is produced by the 
introduction of free iodine into it. 

I he common impurities of iodide of ammonium are sulphate of 
ammonia, which is nearly insoluble in alcohol, and carbonate of 
jpnmoma. The latter renders the collodion and nitrate bath alkaline. 

Iodide op Cadmium. Cd. 1=182. This salt is obtained by 
heating filings of cadmium with iodine, or mixing them in a moist 
state. It crystallizes in largo white six-sided tables, of a pearly 
lustre, which are fusible, and decomposed at a high temperature. 

Iodide of cadmium is very soluble in water and alcohol. When 
pure its alcoholic solution is permanent, and becomes discoloured 
verv slowly and slightly by exposure to sunshine. Collodion iodized 
with iodide of cadmium does not become discoloured or undergo any 
visible alteration by time, if kept in a cool dark place. This is l 
great advantage, but, on the other hand, the nitrate of cadmium 
earned in the IN , &. hath is a salt which has an acid reaction arid its 
eflects are similar to those produced by free nitric acid. The nitrate 
bath therefore gets gradually out of order when this iodizer is cm- 
ployed. I lie permanence of collodion iodized with iodide of eodmium 
is probably due to the difficulty with which cadmium is oxidized. 
J 18 .,?®! 111 impurity of iodide of cadmium is iodide of zinc, 
vyhen tins is present the collodion becomes gradually discoloured : 
zinc being an easily oxuhznble mclnl. 

Iodide of cadmium impairs the Jluidity of collodion. 

Iodide of Caloium. Co. 1=146. This salt is obtained by 
dissolynig carbonate of lime m hydriodic acid, evaporating to dryness, 
and fusing the residue m a close vessel. When this is dissolved ill 
untoi and evaporated, it furnishes white deliquescent crystals. 

c.nn m.ri tr r l0 ° h ™ e . f p’ mcd 1,1 Lho "Unite bath when tli is iodizer is 
employed is a very deliquescent salt, and would therefore lend to 

°f the excited film.: The doliquosco.it pro- 

•f°* Ul ° f nd n 5 trat ° ? f ] T° Wopmpwnd this iodizer for 
wsg, although it is not much employed, ’ 

Itu r ■ r , "-* e nlcqhoho solution is discoloured by light, and 

,i i ta “ir ir? “ b “°" ,cs ™<i<i«noj, i, with ti,o 

SoLnma um! donlity* 3 eX “" C,,t nL ' B " tlV08 ' rera “ taMl > U«* 



IoniuB op, Ikon. There are two iodides of iron, viz. a profc- 
iodidc It'D. I } and a pcriodide, tho exact composition of wiiicli lias 
not boon ascertained. 

Protiodklo of iron is formed by digesting iron filings or iron 
wire in water with iodine, the metal being- in excess. A greenish 
solution is obtained, to which sugar is sometimes added for medicinal 
purposes. It is extremely unstable, and throws down oxide of iron 
by exposure to air. On evaporation it yields a grey fusible salt 
which is soluble in alcohol, the solution being rapidly decomposed 
by light. ( 1 

When protiodide of iron is used as an iodizev in photography, 
protonitrate of iron is formed in the nitrate bath, and also in the 
sensitive film. This nets ns a developer, mid speedily blackens and 
spoils the bath ; it also dcvelopes the image so long ns the plate or 
paper continues moist; the picture, therefore, comes out after 
exposure, by a sort of self-developing process. In consequence of 
tins property of iodide of iron ns an iotlizor, it has been thought to 
give extraordinary sensitiveness to collodion, but that opinion is 
erroneous. 

Iodide. op Magnesium. ' Mg. 1=138, When carbonate of 
magnesia is added to a saturated alcoholic solution of iodide of 
potassium, double decomposition occurs; iodide of magnesium is 
formed and hold in solution, and insoluble carbonate of potass 
precipitated. When the solution is filtered, itmay .be used os an 
iodizev for collodion. In its properties it resembles iodide of 
calcium, tho nitrate of magnesia formed in the nitrate bath being- 
deliquescent, and having a slightly acid reaction. This iodizor 
has been pronounced by some operators a very good one, particularly 
in hot weather. 

Iodide op Potassium; ICI=lflG. 

Iodine and potassium unite energetically, giving- out heat and 
light ; and potassium burns in the vapour of iodine, The result of 
this combination is tho white anhydrous salt— iodide of potassium. 
The inode of producing this salt commercially is to add iodine, to a . 
solution of potass, until it assumes a brown colour; then evaporate 
to dryness; add n little ehnrconl, and fuse the residue at a red heat, 
which decomposes any iodnle of potass that may bo formed; dissolve, 
filter, and reery stall ize the salt. 

Sometimes iodide of potassium is made by passing sulphuretted 
hydrogen through a brown mixture of liquor potassro and iodine, 
till it becomes colourless; expelling any excess of sulphuretted 



234 


IOD 


hydrogen by heat* filtering, neutralizing with potass, and crystalliz- 
ing. Another way is, to decompose either iodide of zinc or iodide 
of iron by carbonate of potass. 

Iodide of potassium crystallizes both in cubes and prisms. Tho 
crystals are anhydrous, and very slightly deliquescent in damp nil'. 
They are extremely soluble in water, 100 parts of which dissolvo 
■ at 65° 143 parts of the salt, with production of cold; but much 
•ifdess soluble in alcohol; absolute alcohol S. Cr. 794, dissolving about 
8 grains to the ounce; S. Cr. 823, about 2G grains; S. (K 835, 
about 60 grains. 

, The impm'ities contained in commercial iodido of potassium are 
iodate of potass, carbonate of potass, sulphate of potass, chloride of 
potassium, and sometimes of zinc, and iron. 

Iodate of potass may be detected by adding a little tnrtnrio acid 
to the solution, and also a little starch. If iodate be present tho 
tartaric acid decomposes it, and the liberated iodine forms purple 
iodide of starch. Fusion, at a red heat, decomposes iodate into iodido. 

Carbonate and sulphate of potass are detected by adding chloride 
of barium to the solution, which throws down white insoluble car* 
bonate, or sulphate of baryta. Another tost for carbonate of potass 
is to expose the alcoholic solution of the iodido to sunshine ; if it 
soon becomes slightly discoloured it is pure, if not, it contains car- 
bonate. The presence of much carbonate of potass renders iodido 
of potassium highly delicjucscent, 

■■■*£% Aqueous solution of iodide of potassium is immediately discoloured 
by the addition of chlorine water, or nitric acid, but not by the 
weaker acids in the dork ; in tho light tho discoloration proceeds 
more rapidly. 

This salt is much used as tho iodizer for tho negative processes 
on collodion or waxed paper. Tho white spots sometimes seen in 
negatives, and which arc square when viewed in the microscope, arc 
supposed to be due to nndceomposcd crystals of iodido of potassium. 
These peculiar spots do not occur with other iodizers. No iodido 
produces n more sensitive collodion than iodido of potassium, and it * 
is on the whole a very good one to employ, Tho alcoholic solution 
is stable in the dark, but collodion iodized with it becomes gradually 
reddened by time, and rendered insensitive, 

I on ii)B of SiijVEH. Ag. I = 234. Iodine and stiver arc sup- 
posed to combine directly and produce iodide of silver, for if a ailvor 
plate be placed in a bottle containing iodine and left for a short time, 
it is tarnished with a yellow film supposed to bo iodido of silver; If 
tins, experiment be made in tho dark,. and tho tarnished plate exposed 



to light, oitlior under a negative or in a camera obscura, and then 
submitted to the fumes of mercury, an image is developed, whioh 
proves that silver tarnislied with iodino is sensitive to light. The 
yellow substance winch, forms the - tarnish on the metal may not, 
however, bo pure iodido of silver, and there aro other reasons for 
supposing that pure iodide of silver is not sensitive to light, 

Iodide of silver may bo obtained by double decomposition, by 
adding a solution of nitrate of silver to a solution of an alkaline or 
metallic iodide, such ns iodide of. potassium or cadmium, Tho 
oxygen of the oxide of silver in the nitrate goes to the metal and 
forms potass or oxide of cadmium ; this is converted into nitrate of 
potass or cadmium by the nitric acid, which leaves the silver, and 
tho iodino combines with the silver to form iodide of silver, which is 
a yellow insoluble amorphous substance. When the nitrate of silver 
is in excess the precipitate is of a strong yellow colour, and is dark- 
onod very quiokly to a pnle brown tint by exposure to light ; but 
when tho iodido of potassium is in excess tho colour of the precipi- 
tate is rather paler, and it is then absolutely insensitive to light. 
Theso results are the same however thoroughly the precipitate may 
bo washed in water, frequently changed, before exposing it to light. 
Ifor the same reason it happens that an excited collodion film or 
waxed paper novor entirely losos its sensitiveness by washing, be- 
cause tpe iodido of silver was formed from a solution containing 
nitrate of silver in excess ; but an iodized oalotype paper, prepared 
with double iodide, in which iodide of potassium is in excess,’ appears 
to be absolutely insensitive to light, at least so far ns tho power of 
developing a picture upon it by tho ordinary developers is concerned. 
Iodide of silver, with nitrate of silver in excess, is the most sensitive 
to light of all compounds at prosent known, and is therefore used in 
the negativo processes of photography. It is darkened more rapidly 
in vacuo than in air, -and is also darkened to a coffee colour by being 
boiled for some minutes with distilled water. When iodide of silver is 
obtained by double decomposition in tho manner described, with 
nitrate of silver in excess, the nitrate of tho alkali or metal also formed 
in the solution, and from which tho precipitated iodide of silvor is 
not thoroughly cleaved, affects to somo extent the properties of tho 
iodide; for instance, when nitrate of potass remains, which is a 
neutral salt, tho iodido i9 move quickly darkened than when nitrate 
of cadmium, which is an acid salt, remains. 

Iodido of silver is insoluble in water and alcohol, and nearly insol- 
uble in ammonia. It is solublo in concentrated "solution a pf the 
alkaline chlorides, bromides, .ami Iodides, ,ancl ialso 'in 'hyposulphite 
: of soda, and cyanide of potassium. formingiin' eyei'y 'oase a soluble 


236 


IOD 


double salt of. silver and the alkali. Concentrated nitric and sul- 
phuric acids also decompose it. It maybe reduced by metallic zinc, 
forming soluble iodide of zinc, and metallic silver as a black powder. 
When iodide of silver is fused at a red heat it acquires a red colour. 
It volatilizes before the blow-pipe, leaving ft little silver only behind. 

When iodide of silver is dissolved in concentrated solutions of nu 
alkaline iodide, bromide, or chloride, the double salt formed is only 
soluble in 'the quantity of water used ; if more be added the solution 
immediately becomes milky. This effect does not happen when cither 
hypo-sulphite of soda or cyanide of potassium is used as the solvent. 

Iodide op Starch. Iodine combines with starch, and forms a 
purple compound. Starch is generally used as the test for free iodine. 
When paper containing starch is immersed in a solution of iodide of 
potassium it speedily assumes a purple tint, the strength of which 
depends upon the quantity of starch present in the paper. Also, 
wherever nuclei of starch exist deep purple spots aro produced. Pa- 
pers which have been bleached with chlorine are also reddened by ft 
solution of iodide of potassium. 


Iodide op Zing; Zn. 1=158-6. Zinc and iodine have a very 
strong mutual affinity. When iodine is added to a mixture of zinc 
filings and water, until it becomes slightly brown, and a gentle bent 
applied, iodide of zinc is produced. On evaporating the solution to 
dryness in a retort the iodide is fused, mul at a higher lempei-nturo 
volatilized • it condenses in prismatic crystals. 

The aqueous solution of this iodide is very unstable in the airj 
oxide of zino being formed and freo iodine liberated . Moth the iodido 
and nitrate of zinc are deliquescent. This iodizer is sometimes used 
in photography, but its instability is an objection to it. It is not 
always free from iodide of iron, which discolours and spoils the nitrnto 
bath. 




Iodine, _ (Greek _( w3jj C violet coloured,) 1=120. This elementnvy 
substance is contained in minute quantity in sea water, oud souio 
mineral springs, but enters -more largely into the composition of cer- 
tain sea weeds, _ chiefly found on the western coasts of Ireland mid 
ocotland ; a minute trace has also boon found in cod liver oil and in 
the yellow sap of the “ Indus fetedmmns” 

Iodine is chiefly mnnufaoturediu Glasgow, fromkelp. (See “Kelp”) 
lis is lixiviated in cold water, and the solution gradually evaporated, 
when the various salts which it contains! : and which are loss soluble 
than the iodides, crystallize and are romoved in auooosgion, The dark 



mother liquor which remains contains tins iodide, 'lT-om these the 
iodine is separated by distilling the liquid with sulphuric acid and 
black oxide of mnnguncso. The iodine passes over as it violet coloured 
vapour which condenses in the nleinldn and neck of the retort in long 
pointed crystals of a dark colour, opaque, and having a metallic lustra. 
These arc washed out with it little water, and dried with blotting pa- 
per. The process in minutely described in Dr. Oraluuu’s .Klcmuuts 
of (Tiemislry. 

iodine is sparingly soluble in water, but dissolves readily in alcohol 
and ether. The commercial sample may bo purified' by' dissolving 
it. in alcohol and precipitating it with water. The impurities, or adul- 
terations, are principally plumbago, Hidpliido of antimony, and blank 
oxide of manganese, till of which are insoluble in alcohol, iodine is 
dissolved by solutions of the alkaline iodides. 

Iodine is extremely volatile when moist. At 120° it rises rapidly 
into vapour, at 220“ fuses, and at 850° boils and produces dense 
violet coloured fumes which crystallize in brilliant plates and acute 
oetohedra. The aqueous solution of iodine does not evolve oxygen 
when exposed to sunshine, nor baa it blenching properties. 

lono-NiTiiAXH or Siiyvku i Ag.O, NO r ,4- Ag.T. A boiling satu- 
rated solution of nitrate of silver will dissolve a small quantity of 
iodide of silver, and, on cooling, crystals are formed of a double salt 
which him been called lodo-uitrato of silver. This salt is also formed 
when an excited collodion plate or waxed paper is allowed to dry 
spontaneously, without having been previously washed. In this 
case the free, nitrate on the Him or paper becomes concent rated by 
the evaporation of the water, and is then able to dissolve the iodide 
of silver, and form a double salt. 

In the latter case, the iodo-nitrale of silver is not decomposed by 
water and iodide of silver precipitated, nor is it blackened by light, 
but on the contrary appears to lie perfectly insensitive to light. 
Nevertheless it has iJcon nlHrmcd by Dr. Hclmauss that the opposite 
mulls are oblninod in the former' ease. An old nitrate bath satu- 
rated with iodide of silver is certainly rendered turbid by tho addition 
of water. These matters require further investigation, 

lommirn-BO lomuca. >SW? “ Ifydriodous Acid.” 

Ikon. Ve.ss28. This useful molnl may bo said to occur every- 
where in combination ofsomo kind. Many of its salts are of use in 
photography j theao are tho eldoridoa, sulphates, nilratos, iodide, ace- 
tate, citrate, and oxalnloj rj. v. 
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A surface of polished iron is not oxidized in dry air, nor in dis- 
tilled water wlueli has been freed from air by boiling, but in damp 
air it is oxidized, or rusts very rapidly, Tins is prevented by tlio 
addition of an alkali, as lime, or potass, to the water, and iron will 
then' retain its lustre under water for years 5 but acids and neutral 
salts have an opposite tendency. The reason of this is very obscure. 

By the eontaot of zinc, iron is protected from all common sources of 
oxidizepient and corrosion ; hence the value of the process by winch 
iron is “ galvanized,” or coated with zino by being immersed in melted 
zinc, ’ 

_ The tests for iron are prussinto of potass, red or yollow, which 
give a blue precipitate, and infusion of galls which ' gives u black 
colour to tho solution, 

Ikon, Oxide op. There are four definite oxides of iron viz*. — 

The Protoxide , . . To, 0 
Sesquioxido. . . l?e . 2 O a 
Black oxide . . Te. a 0, t 

Terric acid . . . li'e , 1 0 „* 

The salts of tho sesquioxide of iron are in general converted into 
salts of the protoxide by tho action of light ; and, conversely, the 
salts of the . protoxide act ns developers by acquiring oxygen, and 
becoming converted into pci-suits. Tho solutions of these salts nvo 
gehernlly unstable in the air, and become oxidized. Tito most 
important of them is the proto-sulphate-. 

I Hydrated protoxide of iron is a white precipitate formed by adding 
enuslio potass to a solution of n pure proto salt. When washed and 
dried it assumes n greenish colour, and is very readily oxidized, 
becoming dnrk-greon or brown. 

Sesquioxide, or peroxide, occurs native ns hacmnlilo, (n hydrate,) 
uml also in beautiful crystals, ns specular iron ore, in tho island of 
Elba. It may be produced by adding ammonia to perchlorido of iron , 
' and washing, drying, and igniting the precipitated hydrate. Tills 
oxide is red, and forms the pigment called “Venetian Itod” Iron 
rust is tho sesquioxide of the metal. It forms salts which have an 
acid reaction, and are decomposed by light, They arc generally of 
a brown colour. • 

Black oxide of iron, or magnetic oxide, is a compound of the 
protoxide and sesquioxido. It is a natural produot, occurring in 
regular octohedml crystals, _ mid is : incapable 1 of forming pvopor salts, 

1 he black scales of iron picked up in it blacksmith's ibrgo approach 
black oxide in composition, The loadstone is black oxide of iron, 
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Feme acid is produced by lienting to full redness, for an hour, 
in a covered crucible, a mixture of one part of sesquioxidc of iron, 
and four parts of dry nitre. This forms an unstable amethystine 
coloured salt, which is ferrate of potass. When added to a salt of 
baryta, permanent ferrate of baryta is produced, which is of a 
crimson colour, and insoluble. 

Isingla ss. Fish glue ; a pure form of gelatine. It is soluble 
in boiling water, and gelatinizes on cooling ; and also soluble in 
weak acids, but is precipitated by the addition of an alkali. Isinglass 
is obtained from the air bladders of sturgeons, and principally from 
the great sturgeon found in the Caspian Sea. It is manufactured 
chiefly at Astrncnn, and is blenched by the fumes of burning sulphur. 
The process of manufacture consists m first steeping the bladders in 
water, then removing the outer skin, putting them into a hempen 
bag, squeezing them, softening them between the hands, and twist- 
ing them into small cylinders, which are afterwards bent into tho 
shape of a lyre. 

Isomerism, (Greek iaoc ccjual, fiepoe a part.) There are 
numerous instances in chemistry m which two bodies arc identical 
in composition, but different in appearance and properties. Such 
bodies are said to bo " isomeric.*’ 

For instance, cyanogen, which is a gas, is represented by the 
formula C 2 N, while pnracyanogen, which is a black solid having 
different properties, has also the formula C 0 N. 

The difference in properties between isomeric substances is sup- 
posed to proceed from a difference of arrangement of their atoms. 

Isomorphism. (Greek i<roc equal, /JopQti form.) There are many 
instances in chemistry in which similarity of properties is possessed 
by bodies, or classes of bodies, having tho same form. This is 
removknbly shewn in tho case of the chlorides, iodides, and bromides, 
which are “ isomorphous j” the term being applied to bodies which 
can replace each other in combination, without producing any 
essential difference in tho crystalline form of the compound. Bodies 
may therefore bo classed in isomorphous groups, the individuals of. 
which possess, in many respects, similar properties. 

Ivory. Ivory is the osseous matter of tho tusks and tooth of 
the elephant, hippopotamus, wild boar, several species of: seal, and 
the horn of the sea-unicorn. Tho latter furnishes tho best ivory. 
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Tlie composition? of ivory is the some ns that of the teeth of 
animals, viz, 3 parts phosphate of lime, and a little carbonate, with 
1 part cartilage, 

Photographs may be taken upon plates of polished ivory, and tliov 
have remarkable beauty and delicacy. J 

Ivory is liable to turn yellow by time. Its whiteness may be 
restored by moistening and rubbing it with pumice stone, and 
exposing it to sunshine while moist, under n glass shade, carefully 
sealed to the stand at the bottom, in order to retain the moisture 
nn<l prevent the ivory from cracking. 

Collodion positives may be taken upon dyed ivory. It may bo 
dyed black by boiling it first in a decoction of logwood, and then iu 
a solution of red acetate of iron ; or violet, by first boiling it for n 
short time with proto-chloride of tin, and then in logwood. The 
sheets should bo dyed first, and polished afterwards. 


Ivory, Artificial, This has been made for photographic pur- 
poses by mixing sulphate of baryta with albumen, and rolling it 
into sheets. b 

. Hinson* s artificial ivory, much used in Prance, is made by immers- 
ing a sheet of gelatine m alumina dissolved in ncctie acid. ‘ The two 
combine, and when the gelatine has imbibed sufficient of the alumina, 
it is taken out, hung up to dry, and finally polished. 

Artificial ivory may also lie made by mixing ivory dust with 
thcm ne " > n ' U V ° ^ n ^ * 10 l )aste ' nto sheets, then drying and polishing 

Ivohy, Flexible. Ivory articles may be rendered lloxiblo and 
scim-trnnspnrent by immersing them in a solution of pure phosphoric 
acid, S. G .1*180 and leaving them till they lose their opacity, 
i hey me then washed with water, and dried, when they bccomo ns 
flexible ns leather. They arc hardened on exposure to dry air, but 
lesuine their flexibility on being immersed in hot water. 

Ivory. Vegetable. The milk of the fruit of the P/njIalcpJm 

V V1,C 'r gl ' 0WS “ 0e “ trnl A5r,ei ' ic «» hardens and becomes 
J „3 ' 0l 7f . Jfc * rrc T ,en % ^ «s a substitute for ivory in buttons 
and small turned articles. 


Ivory Black. Ivory dust carefully calcined in 
crucible. * 


a closed 
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Japan. Black japan for leatlier is made thus : — 

. 1st Method. 

■ Mix Boiled linseed oil . . .1 gallon. 

Burnt umber . . , . . 8 ozs. 

Asphaltuin 3 ozs. 

Boil togetbev, and add sufficient oil of turpentine to give it tlie 
proper consistence. 

2nd Method. 

Mix Oil of turpentine . . . . 2 ozs. 

Shellac 1 drain. 

Alcohol , . . . , 4 ozs. 

Lamp black . . . . 1 . £ oz. 

Jew’s Pitch. Bitumen Judaicus : Asphaltum ; q. v. 

Jewellek’s Plate Powdeu. See “Rouge.” 

Jewelleu’s Putty. Tin putty, an oxide of tin, made by levi- 
gating the crusts of oxide that form upon the metal when kept for ' 
some time in fusion. It is used for polishing hard bodies. 

. Juices op Plants. Papers stained with the juices of various 
plants are altered in colour by exposure to sunshine. Sir John 
Hcrschel, some years ago, communicated to the Tloynl Society the 
results of many interesting- experiments made by him on the juices 
of plants. His method of proceeding was, to onish the petals of the 
flower to a pulp in a. marble mortar, either alone, or with the addi- 
tion of alcohol, and to express tho juice by squeezing the pulp in a 
linen cloth; it was then spread upon paper with aflat brush, and 
allowed to dry spontaneously in tho dark. The tint communicated 
to the paper is not always that of the petal of the flower. The most 
sensitive colour' met with was that of the Corchosua Raponica, the 
yellow tint of which is speedily bleached by sunshine. Paper stained 
with the blue tincture of the double purple groundsel is completely 
bleached by light. The juice of tho Senecio splendidm imparts a 
rich ancl deep velvety purple tint to paper, which is very insensitive 
to light. 

We may add that tho juice of the Rhus striata , of South America, 
and of the Mus venenata , or poison tree, of North America, both 
communicate indelible black stains to paper, Tko latter has been 
.used for marking- linen. 
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Among the juices of plants ave many, important dyes, such ns 
indigo, madder, saffron, &o., &c., many of which arc blenched more 
or less by light. In the case of indigo, however, tho expressed 
juice from the leaf of the indigo plant is originally colourless, but is 
darkened to a deep purple tint by exposure to ail* and light. This 
dye is very permanent. 

Kaoltn. Porcelain clay, used for decolorizing discolored 
nitrate baths, and other solutions. The best way of using it is to 
add a little to the solution, shake well up together several times, 
and then let it stand to settle j afterwards decant the clear liquid. 

Kaolin is a fine pure white clay prepared by levigation from 
mouldering granite, and used' for making vessels of porcelain. It 
contains nearly equal parts of alumina, or pure clay, and silica, 
together with about one per cent, of lime and oxide of iron. It ia 
found in veins in primitive mountain districts, chiolly in Chinn mid 
Japan, Saxony, the neighbourhoods of Limoges and .Unyonno in 
Prance, and in England in the counties of Levon and Cornwall. 
We have also found it in Jersey. 

A Kata-Positive. A. positive intended to bfs viewed by rq/le.rted 
light, that is, to be looked at, may for convenience bo called a kata- 
positive, in contradistinction to a “din-positive,” which is intended 
to be looked through, or viewed by transmitted light. The mlop- 
tion of these terms would, in many cases, provent confusion. Sea 
:$J9iaspositivc,” 

i'hKelv,- ^British barilla: .the oinder ash obtained by burning 
various species of sea-weed, but chiefly the H'licus vesiculosns, or 
“bladder- wrack, ” and the Fucks nodosus, found on the western coasts 
of Ireland and Scotland. It is the principal source of iodino, mid 
contains chiefly soda salts. Penrlnsh, or wood-ashes, contains 
principally salts of potass.. Soda was formerly .obtained from kelp, 
and tho manufacture of this substance was then extensively curried 
on by the inhabitants of the west coast of Scotland j but since the 
method of ■ obtaining soda from common salt has been introduced 
the manufacture of kelp has greatly declined, 

Kheosote, Ceeasote. (Greek, K pea C flesh, oufa to save,) 
ilns substance is obtained from the distillation of wood tar, by n 
troublesome process which need not bo described in this work. I t 
is a colourless, transparent liquid, of great; refractive and dispersive 
powei, having a caustic taste, and a strong odour resembling that 
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of Brooked mont. It combines readily with acetic acid and ammonia ; 
and alcohol, ether, nnphtlm, and acetic ether dissolve it in all propor- 
tions. It dissolves many salts, also the resins, camphor, essential 
oils, and almost all vegetable colouring matters, and coagulates 
albumen and casein. It mixes sparingly with water. 

The chief use of kreosotc is derived from its powerful antiseptic 
properties. It prevonts the putrefaction of nnimnl and vegetable 
matters, and a drop or two may sometimes be added with advantage 
to solutions of gelatine, iodizing solutions for waxed paper, ink, 
&o*» &o. A substance similar to kreosotc is supposed to have been 
used by the ancient Egyptians for the purpose of embalming 
mummies. 

Uo. A species of resin secreted from the puncture made by an 
iuaoct called the Coccus J/cns ,• in the branches of various plants 
which grow in Iho East Indies. 

Lao is a very important article in manufactures, because not only is 
tho resin useful for making varnishes, scaling wax, &o,, hut the 
colouring matter combined with it forms a magnificent red dve, 
which is oxtonsivoly used- ns a substitute for cochineal. In conse- 
quence of tho puncture of tho inscot, tho twig of tho plant becomes 
encrusted with a rod resinous substance, sometimes as much ns a 
quarter of an inch thick. These encrusted twigs are called “ stiek- 
lno,” It contains about 7 per cent, of resin, and one-twentieth part 
of that quantity of colouring, matter. This valuable colouring mat- 
ter is removed by pulverizing tho stick-lac, and triturating it with 
water, ’What remains is called “ secd-lnc.” In India this is put 
into oblong bags of cotton stuff, and a man at each end of the bag 
holds it over a charcoal lire, Tho liquefied rosin drops through, and 
is received upon smooth stoma of the banyan tree; m this way it is 
formed in thin plates, and is called “ shcll-lno.” 

Sholl-Ino consists of two or move resins, one of which soluble in 
nil proportions in anhydrous alcohol, ethor, and volatile and fat oils. 
The alcoholic solution is of a reddish colour, and forms an excellent 
spirit varnish in photography. ■ (Sea “ Varnish”) Bhcll-lno may 
also be easily dissolved in dilute hydrochloric and neefcio aokls, and 
also in a solution of borax, with tho aid of heat. Before dissolving 
it in alcohol, it should bo very finely pulverized and exposed to the 
air for some months. Shell-lno may be blenched with chlorine, and 
then makes colourless varnishes. Tho bleaching is effected by first 
dissolving it in cnuetic poltiBa, and then passing chlorine gas through 
tho solution, after which it is pulled and washed in hot water, and 
twisted into sticks. 
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Shcll-lao is much used in making sealing wax j q, v. 

Lnc dye is made "by evaporating to dryness the liquid in which 
the pounded crude lnc is digested, and making the residue into 
cakes, This is soluble in dilute sulphuric or hydrochloric acid, and 
the mordant is protochlorido of tin, and bi-tartrato of potass. It 
gives a fine scarlet colour. 


Lacquer, A varnish composed chiefly of shell-lnc dissolved in 
alcohol, and coloured with gamboge, dragon’s blood, &c. The fol- 
lowing is a good formula : — 


Seed lao 

. 120 

Gamboge 

. 120 

Dragon’s blood , 

. 120 

S nitron . 

. 39 

Itcctified alcohol . 

. 1000 

Digest with heat, nnd strain. 

The following is another formula 

in which 

solvent: — 

Seed lao 

. 120 

Snndnrnoh 

. 120 

Dragon’s blood . 

. 15 

Turmerics 

2 

Gamboge . 

2 

Venice turpentine . 

. 60 

. Spirits of turpentine 

. 1000 

. Digest. with heat, and strain. 




Lactate of Silver. A salt of lnotio acid and oxide of silver. 
It forips white acicular crystals, which are very soluble in water, and 
quickly 'blackened by light. 


Lactate op, Soda, A salt of lactic noid nnd soda, formed by 
decomposing acetate of soda by lactic acid. It is very soluble in 
water. A small quantity added to the nitrate bath produces the 
effects due to an organic salt of silver, viz,, intensity in the blacks of 
the negative, nnd want of sensitiveness. The doublo decomposition 
of lactate of soda and nitrate of silver producos lactate of silver anti 
nitrate of soda, 


Lactic Acid, C fl I-I 5 0 5 + HO. A free noid contained in 
sour milk; also in certain animal fluids, and sour rice-meal, wheat- 
paste, the juice of the beet-root, &c. 
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To obtain it, sour whey is evaporated to one-sixth of its volume 
and filtered. A little lime is added to precipitate phosphoric acid, 
and the excess of lime removed by oxalic acid. The liquid is then 
filtered and evaporated to the consistence of syrup, after which the 
lactic acid is extracted by means of alcohol, in which it is soluble. 
Pure .lactic acid is then obtained from the alcoholic solution by u 
somewhat complicated process, which need not be described in this 
place. 

Pure lactic acid is a colourless liquid, of the consistency of syrup, 
inodorous, extremely sour, deliquescent, miscible in all proportions 
with water and alcohol, but less soluble in ether. It forms in ge- 
neral soluble salts. Its S. G. is 1'21B. 

Lamp Black. A form of charcoal, obtained by burning the 
refuse resin left in the distillation of turpentine, and collecting tlui 
smoke in chambers hung with old sacking, upon which the soot is 
deposited. This is swept off from time to time, and is commercial 
lamp black. 

When lamp blaok has been heated to redness, it is n very pure 
form of charcoal, and burns entirely away without leaving an 
ash. Its principal use is in tire manufacture of printer’s ink (V/i ?>.). 
A black water-colour is made of it by mixing it with honey j and 
also Indian ink ( q . «.). It will probably, before long, be used exten- 
sively in photography in the process of printing in carbon. 

Lam]) black mixed with lL-encli polish is used by opticians for 
blackening the brass work of optical instruments ; and mixed with 
size for blackening woodwork. These mixtures leavo no gloss when 
dry. V 

Latent Heat. Latent Light, It is stated in the article on 
Light, that both light and heat are certainly due to the undulation* 
of an elastic ether which pervades space ; and that the rays, both of 
• light and heat are propagated with enormous velocity, and can bo 
refracted, rollected, polarized, &c., by similar means. Wo have 
suggested, therefore, that heat may bo an undulation of the smile 
universal other as that in which light is propagated, the difference 
being that the waves of heat are longer than those of light. There 
is however this difference between light and heat, that whereas bodies 
when exposed to radiant heat become heated, that is to say become 
themselves sources of radiant heat, bodies exposed to light do not in 
general bccomo self-luminous, or sources of light 5 (wo shy in yanmd 
because solar phosphori offer a few exceptions to the rule). Thin 
may be in consequence of the light received by bodies being converted 
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into Iieat 5 the sliort waves of light which vibrato in the interstices of 
a body being lengthened into waves of bent by the mechanical effect 
of the atoms of the body vibrating amongst them. 

"When a body is heated it in general expands, and contracts on 
cooling, that is, radiates heat while returning to its former dimensions. 
It is in the highest degree probable that tho Sun oneo extended far 
beyond the limits of the planetary system, its temperature being then 
very little above that of space ; that.it gradually contracted indimen- 
tions, and by so doing became a source of heftt and light to tho 
planets which were from time to time detached from it ; that this 
contraction of volume maybe still going on, while the amount of light 
and heat propagated by the condensation of tho solar materials limy 
he for ages to come continually on the increase, after which a reac- 
tion may occur similar to what has happened in tho case of tho earth, 
which was once in a fluid incandescent state, propagating light mid 
heat into space by its contraction of volume, which volume at hist 
attained a minimum, the surface of tho globo cooled into a solid 
crust, and the earth became ns we find it, noil-luminous and opaque. 

Matter, then, in motion can net upon other and commumoulo 
vibrations to it 5 on the other hand, other in motion can act upon 
matter and communicate vibrations to it, altering its form, volume, 
&o. Among these actions and reactions between gross matter nut! 
subtle ether we must endeavour to seek for an explanation of tho phe- 
nomena due to tho imponderable agents. 

"When a body is heated above tho temperature of surrounding ob- 
jects it gradually cools until an equal temperature is obtained amongst 
them, ; in wlnoh state the atoms of other pulsate in unison with those 
of the bodies. ij 

Heated bodies do not all cool at the same into. Tho lime in which 
a body at a certain temperature cools, when suspended in vacuo, to 
a certain lower temperature, is called its “Specific Heat,” Tho 
following table shews the specific heats of different bodies. 


Water . . . 

. 1000 

Zina , . , 

93 

Sulphur. , . 

. . 188 

Silver. . . 

50. 

Glass . , , 

. .117 

Mercury , . 

83 

Iron, . . . 

« .HO 

Platinum. . 

31 

Copper . . . 

, . 95 

Load . . . 

29 


Experiments seem to indicate that the specific heat of a body varies 
inversely as its atomic weight* dfor instance, tho atomic weight of 
sulphur is 16, of lead 103 j the specific beats of these substances 
being as 188 ; £9 ; and the ratio of 29 ; 188 being noarly equal to 
that of 18,; 103* . 
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Now wo come to the particular subject of this article, via., “ La- 
tent Heat.” 

Strong brine, i. e. a saturated solution of common salt in water, 
freezes at 0°of Lohrenheit’s sonlo ; water at 32°. Suppose then that 
two vessels, one containing water, the other brine, and each having 
a thermometer immersed in the liquid marking tho temperature, say 
at 00 °, are taken out-of-doors on a winter’s day, whon tlm temperature 
is 20°. Tho thermometers at once begin to fall; that in the brine 
goes on continually falling until it reaches 20 °, while that in the 
water exhibits a curious phenomenon ; it first sinks gradually until 
the water begins to freeze, then remains stationary until tho whole 
of the water is congealed or crystallized into ice, (or it may riso a 
little during tho process,) and afterwards goes on falling as beforo 
until the temperature of tho ice becomes 20°. It remains therefore 
to explain this curious phenomenon, which accompanies tho change of 
form of a body from tho liquid to the solid state. 

It has been supposed, we think erroneously, that water contains 
“ latent heat,” that is, material atoms of heat in chemical combination 
with it, mul that these are given off during tho process of congelation. 
This supposition of “ Intent heat ” is evidently only tenable on a sort oL 
corpuscular theory of heat, for on the nndulatori/ theory of heat “ latent 
heat,” would bo synonymous with latent motion, mid tho idea would 
involve a contradiction. There cannot bo latent heat oil tho unduhitory 
theory, and it remains for us to offer another explanation which shall 
be consistent with that theory. . 

Tho facts are simply these During the time which is occupied 
by the water in changing its form from tho liquid to the solid state 
it does not propagate arty undulations of heat in the surrounding 
space, mul thereby become colder. Tho propagation of undulations 
of heat by the action of tho atoms of water upon those of tho other 
contained in it is for a time arrested. It is only necessary to state 
tlm fact in the above form. No further explanation is required. 

Conversely: if a lump ofWonluim Lake ice at a _ temperature of 
10 ° be brought into a worm room, it docs not begin to molt until 
the temperature has risen to 32°, and it remains stationary at that 
temperature until the whole of the ice is melted 5 tho temperature of 
tho water thou begins to ri so. The explanation is tho same ns boibro. 

" Latent heat ” may he a convenient town to employ, but thofaols 
should not bo misunderstood. , „ 

It would bo out of place to pursue this subject further, but all 
the phonomona of latent heat may bo explained, in tho way wo have 
pointed out. 
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“Latent light •’ is another expression which lias been adopted 
somewhat hastily in attempting to explain some phenomena of light 
lately discovered "by M. Nifipco de St. Victor, Certain substances 
called “ Solar phosphori ” have the well known property of becoming 
self luminous by being exposed to light just ns n picco of slate has 
the property of becoming hot by being hold before the fire. Tim 
pieeo of slate when removed from the fire radiates heat ; — the solar 
phosphorus, when removed from the sunshine and taken into n dark 
room, radiates light. The two cases are strictly parallel. This 
property of solar phosphori has been long known, but M. Nidpco 
lias discovered lately that white paper, mid other substances, become 
actinic , after ' having been exposed to sunshine, and in this state 
react upon sensitive photographic tablets in the dark room. These 
substances have been said to absorb light by insolation, and retain 
it ns “latent light” within their pores; but this explanation involves 
the same absurdity as the idea of “ latent heat." The fact probably 
is, that the insolated substance does not convert the actinic rays 
into bent rays, as bodies mostly do, but propagates them unchanged, 
when taken into the dark, and thereby produces the effects duo to 
actinism, when laid upon a sensitive photographic paper or plate. 
The experiment described by M. Nifepce, in which light is supposed 
to he potted in a sealed cylinder, and liberated after any interval of 
time by removing the cover, may be explained thus : — 

0 The inside of n hollow cylinder of tin is lined with paper which 
lias, been steeped in a solution of nitrate of uranium. It is thou ox- 
Wm. ^nshino for some time, and sealed up. On removing the 
sealed. cover, dn the dark room, some months' afterwords, and apply- 
ing The open end of the cylinder to lUpteco of sensitive chloride 
paper* dtd s.id.avkened all over ; or if an engraving on india paper bo 
laid upon it*, so asuto not as a negative placed between it and tho 
contents of the tube, an image of the engraving is obtained. Tlio 
explanation is, that the nitrate of uranium in the paper is deoxi- 
dized by light, and converted into a proto-nitrate of uranium. This 
becomes oxidized again in time, and converted into a pcr-sult, at Urn 
expense of the oxygen contained in the nt|ucous vapour in the tube, 
thereby liberating hydrogen, which darkens the chloride paper, or 
prints an image upon it through india paper. 

To seal up light in a pot would bo the same thing as to seal 
up motion, for light is motion. Such an idea is surely absurd, 

l ..... •_ . ' 

Lavender Hays. The faintly luminous rays beyond tho violet 
end of the spectrum are called “ lavender rays,” They, are said, to. 
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“ Latent light ” is another expression which 1ms been adopted 
somewhat hastily in attempting to explain some phenomena of light 
lately discovered by M. Nidpce de St. Victor. Certain substances 
called “ Solar phosphor! ” have the well known property of becoming 
self luminous by being- exposed to liglit ; just as a piece of slate lu\s 
the property of becoming hot by being- held before the lire. The 
pieco of slate when removed from the fire radiates heat ; — the solar 
phosphorus, when removed from the sunshine and taken into u dark 
room, radiates light. The two eases are strictly parallel. This 
property of solar phosphor! has been long known, but M. Niepce 
has discovered lately tlmt white paper, and other substances, become 
actinic , after having been exposed to sunshine, and in this state 
react upon sensitive photographic tablets in the dark room. Those 
substances have been said to absorb light by insolation, and retain 
it as “latent light ” within their pores ; but this explanation involves 
the same absurdity ns the idea of “ latent heat.” The fact probably 
is, that the insolnted substance does not convert the actinic rays 
into heat rays, ns bodies mostly do, but propagates them unchanged, 
when taken into the dark, and thereby produces the effects duo to 
actinism, when laid upon a sensitive photographic paper or plate. 
The experiment described by M. Ni6pco, in which light is supposed 
to be potted in a sealed cylinder, and liberated after any interval of 
time by removing the cover, may be explained thus 

The inside of a hollojv cylinder of tin iB lined with paper which 
has been steeped in a solution of nitrato of uranium, ft is then ex- 
posed to sunshine for some time, and sealed up. On removing the 
sealed cover, in the dark room, sorao months afterwords, and apply- 
ing the open end of the cylinder to apiece of sonsitivc chloride 
paper, it is darkened all over ; or if an otigrnviug on irnlia paper be 
laid upon it, so as to act ns a negative placed between it and the 
contents of the tube, an image of the engraving is obtained. The 
explanation is, that the nitrate of uranium in tho paper is deoxi- 
dized by light, and converted into a proto-nitrate of uranium. This 
becomes oxidized again in time, and converted into a per-aall, nl the 
expense of the oxygen contained in the aqueous vapour in the tube, 
thereby liberating hydrogen, which darkens tho ohloridc paper, or 
prints mi image upon it through india paper. 

To seal up light in a pot would be tho same tiling ns to seal 
up motion , for light is motion. Such an idea is surely absurd. 

Lavender Kays. Tho faintly luminous rays beyond tho violet 
end of the spectrum are called “ lavender rays. T'itoy nro said to 
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bo highly actinic, but the maximum of . actinic power lies probably 
within the violet rays 5 this, however, may depend upon the nature 
of the substance acted on, 

Lead. Pb.=lM. This useful metal has been hnown from 
the earliest times, and was called by the alchemists “ Saturn.” It 
is found chiefly in the form of sulphide, or “galena.” Pure lend 
may bo obtained by heating oxalate of lend in a covered crucible. 
Lend may be rolled into sheets, and drawn into wire 5 it melts at 
012°. and by the joint action of heat and air is easily oxidized, 
although at ordinary temperatures it undergoes hut little change from 
exposure to air. When in a state of line division it combines readily 
with oxygen, and takes lire in the air. When immersed in distilled 
water it takes oxygen from the air contained in the water, and tlie 
oxide formed being soluble to some extent in the water it becomes 
impregnated with oxide of load. Hence arises the poisonous cha- 
racter of water which has been collected in a leaden cistern, or 
passed through leaden pipes. The most useful salts of lend in 
photography aro the acetate, nitrate, and chloride 5 g. v. 

Lead, Oxides op. , There arc B dxidcs of lend, viz. : tho sub- 
oxide, Pb.o 0 ; tho protoxide, Pb. 0 ; tho red oxide, Pb. 3 0 4 5 the 
aesquioxide, Pl>, 9 0 . j and the peroxide, Pb, 0 8 . Of these tins prot- 
oxide only is snliliabk Litharge is protoxide of lend ; and red lend, 
or " minium,” the red oxide. Peroxide of lead, or plumbic acid, is 
deoxidized by light, and reduced to protoxide. Suboxide of lend is 
the grey powder formed on the surface of lend after long exposure 
to air. 

Leaden Pipes, Oistkiins, kc. When pure vain water is col- 
lected in leaden tanks, or passed through leaden pipes, the lend is 
oxidized by tho air contained in the water, and a small quantity of the 
oxido formed is dissolved in tho water, thereby communicating to it 
poisonous qualities. Tho same thing does not, however, happen to 
tho same extent when river or spring waters, which contain in general 
certain soluble salts, arc retained in leaden vessels, because then tho 
surface of tho lead soon becomes coated with an insoluble precipi- 
tate of sulphate, or carbonate, or phosphate of lead, which protects 
it from, being further acted on by oxygen. 

Tho presence of oxide of load in tho water used for pliotographio 
purposes may in some oases be rather beneficial than otherwise. 
For instance, in tho pyrognllio developer, when freshly made, it 
would increase tho energy of’ the development 5 but the developer 
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would not keep j in n few hours, perhaps, it would become discoloured. 
Similarly ^ oxide of lend in the nitrate bath would perhaps increase 
the sensitiveness of the collodion film, but .render the bath liable to 
“ fog 11 the picture. 

Lead may be easily detected in water by tests which the photo- 
grapher generally has at hand. Iodide of potassium would give a 
yellow tinge, sulphuric acid a white cloudiness, sulphide of ammo- 
nium a dark discoloration to water containing- oxide of lead iu 
quantity sufficient to render its presence sensibly injurious, or other- 
wise. 

Any brass work in contact with lead would set up electric action, 
and assist the production of oxide of lend. 

Lotties should not lie mndo of flint glass, ns some chemicals act 
on the lead which it contains. There is no lend in crown, glass, 
and this slioidd always be used for bottles intended to contain 
chemicals. 

Achromatic lenses should never bo exposed to the fumes which 
sometimes prevail in the laboratory, or dark room. The surface of 
the Hint lens is frequently injured from this cause, and becomes 
iridescent,,, 

• 

m Leather. An insoluble compound of tannin and gelatine. 
Innnin is a very delicate test of gelatine, and if added to water 
containing the one five-thousanrlth part of gelatine it produces a 
cloudiness in it. It combines so energetically with gelatine, that 
il a piece oi skin or bladder of sufficient size be suspended, in a solu- 
tiop of tannin the whole of it is in time abstracted from the water, 
and the skin becomes converted into leather. 

, jv ^ l0 manufacture of leather the skins of animals are first steeped 
in lime water, in order that the hair and cuticle may be more easily 
separated, and then softened by allowing them to enter into a certain 
state of putrefaction, or by the action of acids. They arc then 
immersed in an infusion of oak bark, which contains tannin, and in 
tnne converts them into lent hor. The process is continued sometimes 
tor several months, tl«o infusion being renewed from time to lime, 
and is not arrested until the entire substance of the skin has become 
biown throughout. Sometimes infusions of other astringent veget- 
ables containing tannin, such ns vnlonin, sumach, calcchu, and Hie 
barks of the willow, biroll, elm, and Spanish ohosnut, arc substituted 
for oak bark. 

This is ordinary tanning : but there nro other kinds of leather, 
ns follow : 

•: limed Uaihev. An insoluble compound of gelatine and chloride 
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of aluminium. The ' skin is first steeped in an alkaline liquor, tlien 
in a solution of alum and common salt, winch react on each other 
mid produce chloride of aluminium and sulphate of soda. White 

glove leather is prepared in this way. 

jfash leather. The skin is prepared and softened m the usual 
wav, then steeped in oil, and afterwards in ah alkaline solution. _ 

'Curried leather . Common tanned leather while still moist is 
besmeared with oil, which as the water evaporates, takes its place 
in the pores of tho leather and renders it waterproof, Ibis is nlso 
called “ upper-leather.” 

Im at nuu Varnish. If a sheet of papor, or a positive on 
nnner, he first immersed in a solution of gelatine, dried, and then 
steeped in a solution of tannic acid, tho gelatine will bo rendered 
insoluble, and converted into ft Biiecies of leather varnish ; and by 
repeating tho operation several tunes a considerable glaze may be 
communicated to the paper. This varnish, by filling the. pores of 
the paper and rending it better able to resist the action of moistmo 
mid external agents, would no doubt tend to the preservation ot the 
proof. Gallic acid lias no such action upon golatmc, and must not 
bo substituted for tannic by mistake. 

Lemon Juice. This is added to tho nitvnto bath in the process 
of printing by development upon plain paper;?. «• It contains about 
fl per cent, of citric acid, some muodngo, mid possibly a little oil of 
lemons; also a white, tasteless substance termed hcspemlm 
which is solubloin 00 parts ofliot water, and also m alcohol, and ctlici. 

Lens. ' A lens is a transparent body constructed for the purpose 
either of concentrating or scattering rays of light transmitted tlirougli 

Lonsos nvo in general made of glass or rock crystal, and ground 
with sphoricnl surfaces ; tho axis of tho Ions being tho 1,lie 3™€ 
‘ the centres of the spheres, aud therefore aluio with respect to wluoh 
tho Ions is symmetrical. 
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In tlio above figure six different forms of lenses are exhibited ; 
one! light is supposed to pass through them in the direction shown 
by the arrow. 

No, 1 is called " bi-convex ; No. 3, plano-convex j Nos. 3 and 4, 
concavo-convex, or more frequently “ meniscus j” No. 5, eonenvo- 
plane i No. G, double concave. The nature of the surface upon 
which light is incident determines the first word of the compound 
appellative. 

The first three lenses are thicker in the middle than at the edge, 
and are called “ converging lenses,” because they cause pencils that 
are refracted through them to converge moro than they did before. 

' Nos. 4, Bj G, are thicker at the edge than in the middle, and are 
called "diverging lenses,” because they enuso pencils that are 
refracted through them to diverge more than before. 

It has been shewn in the article on the prism that when a ray of 
• light is refracted through a prism it is turned, or caused to deviate, 
- from the edge of the prism. Now, wo may suppose that the small 
portion of the spherical surface of a lens, on which a ray of light is 
incident, coincides with the tangent plane to tho sphere at tlmt 
points and similarly with respeot to that small portion of tho 
opposite spherical surface from which the ray emerges. 




all parts of the lens at. It and S may he supposed to coincide with 
i tangent planes at those points, and these planes will in general 
meet, if produced, in n straight line, thereby forming a prism 
Lose refracting angle is S Alt. Now, if we draw Sd parallel to 
It, the emergent ray ST will have its angle of deviation, dST, 
m the edge of the prism, and will follow the course indicated in 
e figures, The mode in which a convex lens causes a pencil to 
uvevge, and a concave lens to diverge, will therefore he easily 
idcrstooil from the following figures, heaving in mind that the 
eater the angle of a prism may be, the greater is the deviation of 
my refracted through it. 





No single lens is free oithev from spherical or chromatic aberra- 
on 0/. ?>.). Those errors are corrected by combining two or more 
macs together. In a singlo convex lens, the surfaces of which lmvo 
ulii of different lengths, thcro is the least spherical aberration when 
lie most convex sido is presented to the incident pencil. When the 
DlVnotivo index of the glass is 1T>, the radii of the surfaces should 
o ns 1 : 0, and the most convex sido presented to the origin of light, 
.'his lens lias tho least spherical aberration of all singlo lenses, and 
3 called tho “crossed lens.” If wo call the aberration of the 
rossed lens unity, the following table, calculated by Sir John 
[crschel, shows the aberration of some other forms of Ions ; • 

Crossed lens . . . • • 1' 

Double convex 1 llindU . . 1-607 
„ concave J 1 

Plano-convex 1 _ < # , p-OSl 

„ concave/ '• * . * . 

. Convex sido turned to parallel rays. 

yiano-convex 1 _ ... i S 

„ concave/ 

Plano sido . turned to parallel rip* , i ; 



If two plnno-convox lenses me placed with tlieir convex shies iit 
contact, and the focal length of the first be to that of the second ns 
1 : 2'3, the aberration will be only one fourth that of the single 
crossed lens. 

. Aberration may bo entirely destroyed by placing a memamiH iiuil 
convex lens with their centres in contact, according to the following 
table, — the convox lens being turned to parallel rays. 


Focal length of convox lens . . . —10 ‘000 

Radius of first surface . . . . — S’ 888 

„ second surface .* . . -f-SG'OOO 

Focal length of meniscus . — 5 ‘497 

Radius of first surface . . . . — 2'OfUi 

,, second surface . . . — 8\LSJ8 

Focal length of compound lens . . — 8'47'ii 


In correcting for spherical aberration the same kind of glows mnv 
be used for both lenses, but when chromatic aberration is cured tty 
combining lenses in contact, they must be made of d{(femit kiiula 
of glass. The principle on which lenses arc achromatized is ex- 
plained in the article “Prism.” It is only necessary to remark in 
this plnco that the formula by which the central pencil reiVneUsl 
through a compound lens is rendered achromatic, does not nlsn 
include the case of obliquo mid excentrical pencils, otherwise limit an 
an approximation to the desired result. 

Having thus briefly introduced the subject of lenses, wo will pm* 
ccedto discuss more minutely tho construction of those with which 
the photographer is principally concerned. They nro the achro- 
matized meniscus of Dr. Wollaston, intended principally for view*, 
and tiie portrait and view combinations of Professor rcl/.vnl, I hr 
lnttor of wliich ha3 been called by M. Voigllnudcr the “ Oilhosntpir 
lens.” 

< 

1. The Achromatized Meniscus, on Common View Lena. 

Tins lens is composed of two, which are cemented together with 
Canada balsam. The first is of Hint glass, and double cnutmvn i 
the second of crown glass and double convex, The concavity of the 
front surface of the hint lens is very slight ; : this surface may eve# 
be quite plane. The radius of the inner surface is the same fuff 
both lenses, as they are cemented together. When this lens is uwd 
a stop is placed at a suitable distance in front of it, 

Rut a lens of the meniscus form may be achromatized in two different 
ways. When the jlint glass receives the incident rays the construe* 



tion is that described above; but the crown glass may be placed 
so ns to receive the incident rays. In Ibis case the crown lens is n 
meniscus, nnd the Hint lens concavo-convex. The two forms are 
exhibited in the following figs.:— tho letters 0,1? denoting crown nnd 
flint. 






When the focal length of the achromatized lens, the radius of the 
front surface, and the materials used are the same, the focal length 
of the croAvn lenses are the same in both cases, nnd also the focal lengths 
of the flint lenses ; tho radius of the posterior surface is also the same 
in botli eases. Tho first form has been in use for a number of years, 
but tho second has been lately introduced and is said to give less 

spherical aberration. , , . fl , 

Tho object of this view lens is to give a good imago on a flat sur- 
face, pretty equally illuminated, nnd well defined, when an angular 
field of view of from 85° to 40° is included ; the intensity of light 
in tho imago being a matter of secondary importance, and tho 
spherical aberration being sufficiently reduced by the uso of a small ^ 
diaphragm. In other words, tho object of this lens is to give a 
uniformly good picture, including a wide augulnr field, without 
particular reference being made to the amount of light admitted, oi 

the time of exposure of tho photograph. , , ■. , 

The principle of this form of lens will ho best undeistood by 
• discussing, in the first place, tho case of ft single plano-convex lens, 

W1 Let AB bo aplano-convcx lens presented to objects at shell a 

distance that pencils from them dhf 

supposo an oblique cylinder of rays MAN-Bfcom one< >f ti cse dis 
tant objects not situated upon tho axis ot the lens, to be i^ dcufc 
upon the plane side of it. '.Every ray of this largo onlpo noil 

then suffers tho same amount of refraction on cnt f. nn ^ lc J^ 1 m c 0 l 
tho pencil within tho glass is a cylinder hnvmg.its ^ 

«iA. or Wo . have now done with. tho.plano surlace, and tho 
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cnsc is singly that of a cylindrical pencil within a sphere about to 
emerge. It remains to. be seen what becomes of it. 



One of its rays DB, if produced backwards, passes through the 
centre 0 of the spherical surface. This ray does not suffer deviation 
at emergence, but proceeds in the same straight line, D R, produced 
to E. Hays emerging at an equal distance from B cut the line DE 
in the same point and have equal aberration, and tho caustic surface 
is symmetrical with respect to EF, which is therefore its axis; and 
EE is equal to the principal focal length of the lens for a direct 
pencil. 

It appears thcreforo that ICE ia a constant quantity, not dependent 
4 on the obliquity of tho pencil ; CE is also u constant quantity, being 
the radius of the spherical surface AB ; therefore CE is a constant 
quantity. 

Hence it follows that when a plano-convex lens is directed to ex- 
tremely distant objects, the image lies upon a spherical surfaco which 
has tho same centre as the. posterior surface of the lens. 

This will perhaps be understood better by reference to the follow- 
ing figure : — 

AB is the lens; C, the centre of the sphere AB; V, Q, 11, fixed 
stars emitting cylindrical pencils of light; QCy, the axis of tho 
leas ; and;;, i h r, the images of tho stars, which ho on the spherical 
surface shown by the dotted line, and the centre of which is 0. 

The stop is placed, as shown in the figure, for tho purpose of 
cutting oil tho outside rays of the pencils, and thereby reducing the 
amount of spherical aberration in enoli pencil. It will easily bo seen 
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lint the position of tho slop for any particular pencil depends upon 
ts obliquity j and thnt the greater tho obliquity tho nearer the stop 
must be placed to tho lens. In practice, the stop should he placed 
jo as best, to suit the most oblique pencils 5 but the inaccuracy thus 
nlroduccd with respect to the less oblique pencils is hardly appre- 
ciable. 



It will be scon by tho 'foregoing Jigiu’0 that the amount of light in 
tho imago depends not only on the size of the stop, but also on the 
obliquity of tho pencil, being greatest in tho case of the direct pencil, 
and diminishing ns tho obliquity increases. Eor this reason there 
is not in tho common view lens absolute equality of illumination, 
the centra of tho field having tho most light and tho edges the 

least. .... 

Eroin the case of the single plano-convex lens, tho transition is 
easy to that of tho same lens achromatized, and thence to the achro- 
matic meniscus. In these two latter cases it may be considered ns 
very approximately true thnt tho field for distant objects is a sphere 
concentric with tho posterior convex surface of tho Ions. ' 

If the stop bo placed immediately in contact with -the lens the 
radius of tho field is shortened and tho contra of the posterior surface 
itself, and not of tho sphere of which it. is a portion, becomes the 
centre of tho field. This is explained in tho article- oil the; ^Optical 
contra 5” q. v, There would, liowovor, be no distortion M this- case, 
while there is considerable distortion when the stopisputata distance 
from tho lens, in order to got a Halter field. See “ Distortion." 

8 
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The general form and principle of the common view lens having 
now been described, it remains to give the exact formula for its con- 
struction, 

The data are : — 1st, the focal length of the lens ; 2nd, the indices 
of refraction for the crown and hint glasses j 3rd, the dispersive powers 
of the glasses 5 and 4th, the radius of the front surface. Lot these 
quantities be expressed by the following symbols : — 

L™ focal length of compound lens. 

/q= refractive index of flint glass, 
ft— » »» crown glass. 

I) s= ratio of dispersive power of front glass to back glass. 
It = radius of anterior surface of lens. 

The unknown' quantities are: — 

s ~ radius of inner surface of lens. 
t= „ posterior surface of back lens. 

focal length of front lens. 

/ 3 = „ hack lens. 

Then, the equations which connect these quantities tiro— 


1 1 


A A 


1 

1? 


a) 



. ( 3 ) 


A 



.(3) -«(ft-l) 
/a 



.( 4 ) 


By which four equations, the four unknown quantities may bo de- 
termined. 

It is immaterial in the above formula whether the Hint or orown 
lens bo placed in front, so as to receive the incident rays. _ If the 
Hint lens bo placed in front, the formula gives the common view Iona 
which luis been in use for a number of years. If the crown lens bo 
placed in front, fcho formula gives the lens shown by the second of 
tho figures at page 355. 

Wo have smd that the radius of the front lens is arbitrary, but it 
depends upon tho size of tho lens and tho work it is intended to do. 
As the lens increases in size tho focal length remaining the same, the 
stop is placed further in front of it, the field becomes flatter, and there 
is more distortion ; at the same time tho front surface must become 
flatter. When those conditions are reversed, i. e. as the Ions becomes 
smaller, tho slop is placed nearer to it, tho Hold becomes more concavo, 
there is less distortion, niulthc front surface should then become more 
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concave. Some little latitude is therefore allowable in the radius of 
the front surface, and it may bo considered as arbitrary, within certain 
limits ; the mean being about 8 feet radius for a three-inch lens. 

The second equation must be fulfilled in order that the lens may 
be achromatic. No attempt is mado to cure spherical aberration 
except by the stop. The central pencil from Q, would have a finer 
focus, if the small central portion of the lens through which it 
passes could be turned with its convex side to the incident rays. See 
what has been said before respecting the aberration of ft plano-convex 
lens. The remark is equally applicable to the compound lens which 
is nearly plano-convex. The large lens of nn opera glass,, which is 
compound and convexo-plane, is placed with the convex sidn to the 
objects 5 and for tho same reason the front lens of the portrait com- 
bination, which is nothing but a view lens reversed, has its convex 
side to tho objects. 

It now only remains to discuss tho best mode ot mounting the 
view lens 5 winch is shewn in the following figure 1— 



Tho Ions is plncod in tho tubo with its concave side to the stop. 
A ring is then laid against the convex side, and it is screwed tightly 
in its place. Tho tube works in a jacket, which is screwed into . a 
flange in the front of tho oamern ; tho open end of it is closed by 
a cap 5 and for better security to tho lens a cap is also screwed on. 
at tho other end, when tho instrument is packed for travelling. 
Within tho tubo, a little in front of tho lens, is a fixed diaphragm ; 
and in front of that a moveable tubo whioh carries-; the front dia- 
phragm, winch can bo so adjusted as to revolve within a projecting 
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box, in order that its full aperture maybe presented perpendicularly 
to the darkest part of the picture, and its edge, so to speak, towards 
the sky, or lightest objects 5 and nt the same time any one of a set 
of stops of different sizes may bo introduced ns circumstances require, 
This contrivance is sufficiently explained by the figure. As the tube 
can be turned in the jacket, the plane of the stop, when placed 
obliquely to the axis of the lens, can be brought into any required 
position. The front part of the revolving disc which carries the 
stop, lias a groove at tho bottom and on both sides, and the stop, 
which is an oblong disc with a round hole in the middle, is slid into 
this groovo like the lid of a box. 

It will be seen that an annulus of the circumference of the lens is 
sacrificed, the lcn3must therefore be made so much larger ns to allow 
for this. The object of this sacrifice of glass is to prevent the re- 
flection of light from tho broad edge of the lens. In tho common 
mode of mounting tho view lens this edgo forms a broad luminous 
ring, which is seen on looking into the camera at tho open end, and 
of course the light which enters the eye from this ring would fall 
upon a sensitive plate if put in the same position. 

The diaphragms within the lens-tnbo entirely prevent tho rolleo- 
tion of light from the inside of tho tube. A. strip of black cotton 
velvet should bo wound round the edge of the lens beforo putting it 
into its cell j and both the inside of the tube and diaphragms should 
be blackened with a mixture of lamp black and spirit varnish . There 
are times when it is convenient to ho able to push the diaphragm 
nearer to the lens, and no mounting is complete which does not ad- 
mit of this being done when necessary. 

When a very small stop is used the diameter of the circular spaco 
covered by the lens with good detail is nearly equal to its local 
length. ■ 7 ■ ! ' ’ 

Distant objects have a shorter focus than near ones. If/ ho the 
principal fooal length of the lens, u the distance of an object from 
it, and v the focal length of the lens for tho distanco «, then v is 
determined by tho following equation ; — 

1 1 1 

^~v f U 

Since the field for objects equidistant from the Ions is ooncnvo and 
not flat, it follows that the objects nt tho sides of tho piotuvo should, 
impossible, bo nearer to the lens than those in tho middle. Whor 
:;^(i?annot be managed recourse must be had to a small stop, which 
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by cutting oil’ tbc outer rays of pencils, renders them very long and 
attenuated in tbc neighbourhood of their focus, and then the picture 
may be placed a good deal out of true focus in places without ap- 
preciable loss of detail. By moans of the small stop, objects at un- 
suitable and greatly varying distances from the lens, can therefore 
be brought into tolerably good focus upon a Hat focussing screen. 

2. M. PrTZYAT/s POHTltA.IT COMBINATION. 

The object of this instrument is to obtain an image well defined 
in its principal parts, when a large volume of light is admitted. In 
inking a portrait it is evident that the time of exposure should 
be reduced as much ns possible, because after remaining in a con- 
strained position for a long time the features of the sitter betray 
an expression of the discomfort felt. A lens of large aperture must 
therefore bo employed in portraiture, so long ns photographic pro- 
cesses remain m their present state of insensitiveness. As soon 
however ns the chemist shall discover tho means of rendering these 
processes more sensitive, tho optician will he released in a corres- 
ponding degree from tho necessity of constructing lenses of largo 
aperture, and the defects to -which such lenses are liable, and which 
admit of no remedy, will be avoided by using smaller apertures. 
The nature of the defects of largo lenses have, however, been mis- 
understood and exaggerated by persons ignorant of mathematics. 

Tho portrait combination of Professor Potzvnl is that which has 
been generally adopted by opticians, and the arrangement of tho 
lenses is exhibited in tho following figure. 
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The front Ions A B is a compound lens, exactly like tho common 
view-lens, but placed with its convex aido to tho objects. It is 
achromatic, but not, entirely aplanatic 5 this defect being remedied 
by the posterior lens. .. 

The posterior lens is composed of two lenses separated pya small 
apace ; that next tho front lens is of Hint glns3, 'convoxo<canoave, 
and divergent , being thinner in tho middle: than mt .the ed^os 5 the 
other is biconvex, and of crown glnsa, being placed with its most 
convex side next to the oonoavity of the -flint, as shown m tho figure., 



The posterior compound lens is achromatic, and the object of 
separating the lenses and giving them curves so different from that 
of the front lens is to cure spherical aberration in the entire com- 
bination. 

Both lenses are therefore convergent, and the effect of the posterior 
lens, is to shorten the focus of the front Ions. It may be well to 
observe in this place that when a convergent lens is rendered 
achromatic by combining two lenses of different kinds of glass, the 
concave lens must be of flint, and the convex lens of crown glass. 
On the other hand, when a divergent lens is achromatized, the con- 
cave lens must be of crown, nnd the convex lens of flint glass. 

The dimensions of this form of lens, given by measurement of 
one which we constantly use and which is now before us, nro as 
follow : 

Aperture of front lens 4 inches 

Focal length of ditto . . ' . . . 30 „ 

Aperture of hack lens . . . . . 4 „ 

Foonl length of ditto . . . , , M „ 

'Distance between lenses . . . 0 „ 

Focal length of combination measured 

from back lens 18& „ 

Focal length of combination, reversed 1SJ „ 

The curves depend entirely on the refractive and dispersive 
powers of the glass used, and as these vary with every “ pot of 
metal,” it might only' mislead the reader were we to stato the exact 
curves of the lenses of the instrument before us. 

To return to the figure. 

Let PQ.lt be an object placed before the lens, P being n bright 
point upon its axis. A direct pencil from P covers the entire sur- 
face, A ll, of the front lens, and is refracted by it towards a point/. 
This converging pencil A/B is incident upon the portion hk of 
the posterior lens, and is by it refracted to a pointy, at which the 
image of P is formed; It will be observed that hpk <is a cone of 
light having a very largo vertical angle hpk 5 both spherical and 
chromatic aberration must therefore be accurately corrected in suoh 
a pencil, and the focussing screen placed noouratcly at p, or the 
•indistinctness of the imago would be considerable. The optician 
has thcreforo greater difficulties to encounter in the construction of 
the portrait lens than in that for views. . 

Wo have next to consider the case of an oblique-pencil, 

vTlie central pencil does not cover the whole of the buck Ions, 
(winch is the same size ns the front Ions,) but merely the central 
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portion, A h. The nnglo BAA is about equal to 3°. If therefore 
BU oblique pencil, ns QAB, makes rui angle QCP of about 3 
with the axis of the lens, the upper ray of the retracted pencil will 
run along the tube A D, and the whole pencil will come to ft focus 
at a. The imago therefore between p and q will be equally, illumi- 
nated But if ft move oblique pencil, as that from It, be incident on 
the lciis, only a portion of the refracted pencil can pass through .the 
back lens, the remainder of it being cut off by the upper part of the 
tube, which reflects it in the manner shown in Tig. 8, page 59, 
This is one of the great defects of the portrait lens, and the mode 
of mountin'* it. Sometimes the back lens is made ft little larger 
than the front lens, and then the equality of illumination extends 
over a greater space, but the outer portion of a large back lens does 
not perfectly cure spherical and chromatic aberration, and irom this 
oauso indistinctness is introduced. The fact is, the portrait lens 
with Ml aperture has many serious defects, and the sooner pho- 
tographers arc enabled to give up using it the. better. It should 
never bo used from choice, but only from necessity. . 

The field of ft portrait lens is not nearly so flat as that ol a view 
lens of equivalent focus ; and the angle of view properly included 
by a portrait lens is much narrower. T 

When the light is sufficiently good, a stop may be used with a 
portrait lens ; and the question has arisen as to which is the proper 
place for it— in front of the front lens, or between the lenses. 11ns 
question wo will discuss with the help of the following Iigurc : 



Tho lenses are represented by the lines AB, BE, , ns before. .B, 
is tho origin of an oblique pencil, tho axis of which, 110, mnkes tho 
same tinglo with tho axis of tho Ions, as if it were the extreme 
oblique pencil of a view lens, t. Til is about equal, c ' 
of TO 1 Now GA is equal to one-third of AB, and the lmo-UG 
sufl'ors little or no refraction on passing through^. ; front lens, 
therefore the axis of the refracted pencil botween the lenses passes 
very nearly through D, as shown in the figure. 

Now we may suppose that a whole pencil, ItAB, comes accu- 
rately to a toons at r, for if it does not, tho Ions is worthless, inns- 
r .... m nlmvi'ntiAtt in tho obliciue, as well 
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as central pencils, when tlie focus is merely examined by unassisted 
vision. We may assumo therefore that every ray of the pencil 
11 A B winch really passes through the back lens, passes also through 
r. This being understood, it follows that by placing n stop midway 
between the lenses, at m, a small excentrical portion, ll», of the 
large pencil 11 A B is incident at n, passes through tho stop at in, 
the hack lens at o, and then comeB to a focus at r ; while if a small 
stop is placed at c, the central portion of the large pencil BAB 
passes through it ; then through the hack lens at I), and thence, as 
before, to r. 

When, therefore, a very mall Btop is used, it scarcely matters 
whether it be placed at c or m ; but if a larger stop bo used, it would 
obviously be better placed at in, because if placed at c, a portion of 
tho rays of the refracted pencil would be cut oil’ by the tube, and 
there would not be equality of illumination in tho image. It must 
bo remembered, however, that the focus at r is not absolutely per- 
fect, and that, theoretically , the rays incident at 0 go to.?' with less 
spherical aberration than those incident at n. 

But a portrait lens is not intended to bo used with n small stop. 
When a small quantity of light will do the work required, it is far 
better to use the orthoscopic lens. Nevertheless, stereoscopic 
pictures are sometimes required to be taken instantaneously, and 
sometimes with tho ordinary exposure for views ; in this case n pair 
of small portrait lenses, furnished with stops, will answer both pur* 
poses, inasmuch as stereoscopic pictures need not include so wide a 
hold as ordinary views. 

The best arrangement for taking instantaneous pictures, including 
n tolerably wide field, with a lens of large aperture, is as follows : — 

Iteverse tho portrait Ions, that is, turn it with tho posterior lens 
to tho objects ; and let tho other lens, which is a view lens, bo mado 
larger than usual. Then place a stop immediately in contact with tho 
lens that is presented to tho objects. Tho arrangement will then bo 
as represented in tho figures at pages 60, 61, and 67 ; and this will 
give a much Hatter hold than the portrait lens used in the ordinary 
way, and tho picture will bo move uniformly covered with good 
definition, and more equally illuminated, although possibly it may 
not be quite so good as before in the centre. The fooal length of 
tho combination is a trifle shorter when used in this way. 

A portrait lens, therefore, is . only intended to be used for sub- 
jects which must bo taken quickly, or instantaneously. It does not 
give so lint a field ns u view-lens; nor does it give equality of illumi- 
nation ; nor can objects at dificrcnt distances bo all brought into 
good foous ; nor does it include a wido angular field ; nov docs it 
give images freo from distortion. In short, everything is sacrificed 


the centre of the picture, nnd the lens should only be used when 
i other will answer the purpose. As for using a stopped portrait- 
18 , instead of a view-lens, for ordinary out-of-door pictures, the 
inciplo is incorrect for the reasons which have been stated, and 
o plan only answers when a narrow field of view is included. 

The next lens to be described is the best of the three, nnd every 
lotograplicr should possess one. It has bien called the “ Ortho- 
10 pic lens,” or “ Compound "View-lens” nnd the following is a 
jscription of it, given by us iu the “Photographic Notes,” No. 
0, April 15, 1858, shortly after its introduction into this country. 

8. Tiie OiiTiioscoPio Lens, — The term “ ortlioscopic ” is 
erived from the Greek words op0oc right, and okottm I see. The 
leaning is that the lens gives images more free from distortion than 
tliov lenses. . 

The orthoscopiolens is mi arrangement consisting of two achromatic 
ompound lenses separated by an interval, as shown in the figure. 


The front lens is the larger, and is the samo ns the front lens of 
lie present combination for portraits ; that is to say it is composed 
f a double convex lens of crown glass, cemented with Canada balsam 

0 a concave lens of Hint, the entire lens having negative focal length 

-that is, causing parallel rays to convergo to a foous on the opposite 
kle of the lens to the origin of light. , • 

Tho posterior lens is an achromatic compound lens iormedol two, 
lot cemented together but merely touching at the edges, and having 

1 space between them in the middle, as shewn in the figure. The 
nner lens is of crown glass, and double concave, iho Hatter side 
wing next to tho front lens. The outer lens is a mcnisous of llmt 
dnss, having its convex side outwards and next to the picture. Iho 
locpcsl concavity of the crown lens is thereforo opposite to the concav- 
ity of the meniscus. As these lenses arc not cemented together but 
have a cavity between thorn, their inner surfaces may sometimes 
require wiping; they are therefore merely deposited m the cell winch 
receives them, and arc fixed in their placo by a countered! which is 
screwed until it touches a .brass ring laid in contact with tho outer 
lens. Vi'hon a stop is used it is placed between tho ring and tho 
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coimtereell, as shewn in the figure. The diameter of the posterior 
lens is about two-thirds that of the front lens, and the distance be- 
tween them is about half the diameter of tire front lens. 

Tho posterior compound lens has positive focal length, and would 
cause parallel rays to diverge from a point on the same side of the 
lens as tho origin of light. The front lens therefore tends to bring 
parallel rays to a focus;* the back lens to scatter them wider apart. 
In popular language the front lens is convex and magnifies, the back 
lens is concave and diminishes. 


„ We would take this opportunity of observing that in optics the 
signs plus and minus are introduced into formula} from their property 
of being able to represent not merely the operations of addition and 
subtraction, but also contrariety of position or direction. By calling 
lines measured on one shlo of a lens positive, and on tho other side 
negative, and affixing tlm signs plus or minus to tho magnitude of a 
line, according to its position, it is possible to make one fornuln in- 
clude a great variety of different eases. The convention adopted in 
optics is, to call lines measured from tho lens towards the origin of 
light positive^ and in the opposite direction negative. In other branches 
of mathematics it is found very convenient to adopt similar conven- 
tions in wliioh the signs plus and minus indicate opposite qualities, 
ns well as mere addition and subtraction. 

The exact particulars of tho compound lenses are ns follow : — 

Front lens— Diameter 8 ccnlimfctroB 

Focal length 40 do. (Negative) 

Back lens— Diameter 5 ccntimblros. 

Focal length 90 do. (Positive) 

Distanco between tho lenses 4 centimfrtres. 

Focal length of entire combination . . , 08 do. (Negative) 

Diameter of the field 54 do. 

[A eentimbtre is about two-fifths of an inch.] 

Ihcse dimensions apply to the 8-inoh lens, but by dividing or mul- 
tiplying them all by any given quantity, the corresponding dimensions 
of any other size of lens may be obtained. 

The front lens is placed with its convex side to the view, and tho 
back lens with its convex side to the pioture^ 

Sinco the front lens of this new instrument is the saino in every 
respect as the front lens of the portrait combination, tho latter may 
be converted into the former by removing its posterior lens and sub- 
stituting for it the posterior lens of the orthoscopies combination, 
mounted, of course, at its proper distanco from the front lens. 


In order to cut off reflected light from the inside of the tube, a 
stop is placed midway between the front and back lens ; but not so 
ns to intercept any of the legitimate rays of light 

Such is the construction of the orthoscopic lens. It is essentially a 
View-Lens, mul is not intended for portraiture. We have therefore 
to discuss its merits as a view-lens when compared with the ordinary 
• form, and in doing so must direct our attention more particularly to 
the following points : — 

1st, — Flatness of field, and the included angle of view. 

2nd, — Freedom from distortion. 

3rd, — Equality of illumination. 

4-tli, — Perfection of focus, and freedom from spherical aberration. 

5 th, — Coincidence of the visual and actinic foci, 

6th, — Gcnoral convenience, freedom from diffused light, copying 
powers when the focus is elongated, power of rendering aerial per- 
spective, and other good qualities. 

We shall discuss these matters in the order in which they stand. 

1st, — Flatness of field, and the included angle of view. 

In determining the flatness of field of any lens, we have to compare 
the course of tho most oblique with that of a direct pencil ; and the 
simplest plan is to suppose the pencils cylindrical, or that tho lens is 
pointed at extremely distant objects ; should it be found to answer 
well in this ease it will be equally good for all ordinary purposes. 
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In the above figure the lenses are represented by straight lines 
strong and black, the front lens passing through A and the back lens 
through L j AC q being their common axis. A slop is placed behind 
the back lens, and in contact with it. In order to fix the ideas, and 
render what we have to say more intelligible, we shall suppose the 
lens to bo a No. 1, having a combined focus of rather more than IX 
inches, mid covering a picture 10 x 8, with a half-inch stop. 

It will be seen, from the above figure, that the oblique pencil passes 
eccentrically through the front lens and cewtiicnHy through the back 
lens. II, then, q be the focus of the direct pencil from a distant 
point Q, and p the focus of an oblique pencil from a distant point P 
we have to compare the length C p with Cry, in order to discover the 
tlatncss ot held, and how far it deviates from a sphere' whose centre 
is O j and we would observe that unless it does deviate, and that 
pretty considerably, from such a sphero, the lens would he next to 
worthless for the purpose intended. We have to show, then, that 
the local length, Cy;, of the oblique pencil, is greater than the focal 
length, Gq, of the direct pencil, and to calculate the difference be- 
tween them. 


Let us consider first the case of the direct pencil incident at A. 
Alter redaction through the front lens it converges towards m, tho 
the principal locus of that lens j the distance Am being 8 inches (in 
loimd numbers). Tltia converging pencil is then refracted by the 
posterior lens, tho positive focal length of which is 18 inches' (in round 
numbers). ^ The effect of this is to diminish the eonvorgency of tho 
rays ambbring them to a focus at q, which is further than m from C. 
iho distance AO being one inch, Gm is 1 inches, and Go is then 
toimq ift the following way : — 

\ vln ?’ ?? di I ide t]ie P roduot % their dilTeronco j— 
tlmt is ( hnde 1^6 by 11 . This gives Cj=ll * inches. 

iNcxt, lot us consider the obliquq pencil which proceeds from n 
distant point T. i^inoident eccentrically on the front lens at B, and 
passes centncally through the back lens at 0. 

nuIlwAp fch ®i cen .!i° A of the front ,ons > drew a dotted lino AO, 
n pJ ^ ^ n “ d « 3 centre, and Am ns radius, striko an 

’ Cle ° U u ? n, °V Tbe "> A0 8 inches j and 
the oblique pencil at P will, after passing through the front Ions, 

converge towards tho point 0 (ns shown by the dotted lines), 
secmufleus P™ t0 ^ ° f ** mfttter> What tho 


SGC °n ( i lon3 »» obliquo pencil, incident contricnlly, 
and converging towards 0. Join therefore 00, and produce it toy;! 
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Also, with 0 ns centre and Oy ns radius, strike a circle cutting 0 p 
at n. C n is therefore equal to Gy. 

Now, adopting the some formula ns in the former case in order to 
find 0 p t we must multiply GO by 18 and divide the product by their 
difference. What then is the length of C 0 P 

•in the reply to this query will be seen the great ingenuity of M. 
Petzvnl’s arrangement ; for it appears that CO is greater than Cm, 

The proof of this is easy enough. Any two sides of n triangle 
are, together, greater than the third, therefore OC and CA arc to- 
gether greater than AO, and therefore than A m. Take away tho 
common part AG, and CO is proved to bo greater than G m. 

Tho actual difference between CO and C ? n in the No. 1 lens, with 
tho extreme oblique pencil, is about the one tenth .of nn inch. If 
then we multiply 7 -fa by 18 and divide the product by their difference, 
we get CjjssIItW ins. Tho difference between Co and Gw, (tip,) 
is therefore nearly one-tliircl of nn inch. . This is of course in favour 
of flatness of field, boenuso it brings p nearer to tho plane through q. 

In Urn common view Ions, presented to extremely distant objects, 
tho field is very approximately a sphere the centre of which is the 
centre of tho convex Burfnco of the lens. On taking the exact dimen- 
sions of the orthosoopio lens, and working the problem out completely, 
wo find that, as regards flatness of field, the common view lens has a 
littlO'the advantage ; and this result of theory is also borne out by 
tho experiments we have made with both forms of lens differing but 
little in their focal length. In wlmt follows, however, we shall show 
that in other respects tho ortlioscopic lens has many and great advan- 
tages over the common view lens. 

So much for flatness of field. Next, with respect to the angular 
extent of tho field of view. It might bo supposed that tho common 
view lens having tho advantage in flatness of field, it ought to includo 
ft wider angular field ; but that is not tho case, because the distortion 
produced by the common view lens is so great, and becomes so un- 
bearable when a certain small angle of field is exceeded, that it is 
necessary from this cause to restrict that angle to about 86°. Tn 
tho case of the orthoscopic lens, the distortion is not only different in 
character , but much less in amount , and. therefore, although thofiold 
is not absolutely so flat, still nn angle as great ns'li7°maybo included. 
This is a great merit of the ortlioscopic lens, and one whioh should 
recommend it particularly to tho notice of tho landscape photographer ; 
because the bad effects of curvaturo of the image may be remedied by 
using a small stop, but for distortion there is no such. remedy. A. 
small stop gives a finer point to the pencils, but does not affect the 
curvaturo of tho linos of tho picture, 



y c now come to tlie 2nd topic, viz: Freedom from distortion, 
in the common view lens with the stop in front, the oblique pencils 

C < v r 8tKU 8 ht . tln ’ ou S^ tlie margin of tho lens, but arc bent 
out oi their course, imvnrds, towards the centre of the picture. This 
produces distortion, in n way in which wc will endeavour to explain, 
Suppose tlio stop extremely small, and the lens removed j a perspec- 
tivc view would then be formed on the focussing screen, but larger 
than the picture produced by the lens, and quite free from distortion. 
Suppose a plain irregular polygon to be tho figure represented, tho 
angles ot which on the focussing screen are points A, 31, 0, 1), 
&o., and .let 0 bo the point where the axis of tho camera outs it. 
Draw radial lines 0 A, 0 33, 0 C, 0 D, &c. Now introduce the lens. 
In consequence of the deflection of the axes of the pencils which pass 
through the margin of it, towards the point 0, the imago of the polv- 
gon will bo smaller than before, and its angular points a, h, c, cl &o., 
will he on the lines 0 A,0 K, 0 G, &o., nearer to 0. Now- if the deore- 

Aa mr &c, ’ 1 wcre c * ne % Proportional to the radial lines 

ja, UiJ, UG, &e., the small polygon abed would be exactly 
similar to the largo one ABCD— and there would bo no distortion! 
but no such law is observed in tho production of these decrements 
ns that of direct proportionality to the radial lino, and the greater 
tlio. radial lino may be, a fortiori greater the decrement becomes. 
1,118 produces distortion, and causes all straight linos winch do not 

o 16 ^ of . the „P icture * to be bent inwards at their 
cxtienntios. See “ Distortion. 

turn to the orthoscopio lens. Hero wo sco that the 
axqs oi the oblique pencils are bent outwards out of their course, and 
; ifff produced than if a small hole, without lenses, wore 

put. at u. Instead oi Cerements wo have now Cerements of the 
ac ml lines and tho production of these increments dopcmls upon 
iftcicnt law ’from that of tho decrements in the former case, and 

• C 38 c ) 18t0t ' t ‘ 0 . 1 }' W1,at lilt,c distortion there is, has tho effect 
of ictulciing sti night hues convex to the centre of tho picture, by 
bendmg thar extremities outwards, but this detect is so inconsiderable 
cVh appvcomble, and so far ns it exists it has tho good 

flTmihv! f 1,C1 ' Cfl - 8m i tlie size of tho side objects, and 

t r i l ° tral ° b J ects nppavently further back j while 

al fo WnS - f ! ens I.” 8 ,, 110 °,PP 0 ®^® effect to such an extent 

IX* Lam objects 

3rd, —Equality of illumination. Through m imagine ; a line mk 
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drawn at right angles to mG, and cutting Gp in k. Now let a 
straight lino passing always through this imaginary point k sweep 
round the circumference of the stop at 0 and mark out with its end 
a circle on the front lens, in the neighbourhood of B, which would 
be its centre. Similarly, let a lino passing through m sweep round 
tho circumference of the stop and trace another circlo on the front 
lens, tho centre of which would bo A. These two circles viz., that 
at A and that at B will bo equal to another. But if instond of tho point 
► k wc take the point 0, nearer to 0, tho circlo at B will then become 
larger than before nnd consequently larger than that at A. Hence 
it follows that tho area on the front lens covered by an oblique pencil 
is y renter thou that covered by tho direct pencil, On the other hand 
tho obliquity of the pencil occasions loss of light, as shown by the 
dotted lines across it. The gain from one cause docs not entirely 
compensate for the loss from tho other, and there is not perfect 
equality of illumination; but in tho common view lens there is loss 
from obliquity of incidence without any set off to counterbalance it. 
The orthoscopio lens has therefore tho advantage ns regards equality 
of illumination, 

4th, — Perfection of focus, nnd freedom from spherical aberration. 
In the common view lens no attempt is made to cure spherical aber- 
ration, or improve the focus, except by means of the scop. Every- 
thing is sacrificed to flatness of field, Thoro would be much les9 
spherical aberration in the central pencil if the lens could be turned 
with its convex side to tho view. But in tho orthoscopio combina- 
tion spherical aberration may bo, nnd is, completely remedied, and 
the quality of the focus, both of tho direct nnd oblique pencils, greatly 
improved. 

5 th, — Coincidence of the visual and actinic foci. With four glasses 
instead of two, more lines of the spectrum may ho united, and there- 
fore tho chemical foous improved, so that tho orthoscopio lens has 
the advantage in that respect. 

6th, — In lightness and convenience, and freedom from diffused 
’ light, the orthoscopio lens has greatly the ndyantago over the otlior. 
In copying, the common view lens cannot bo used when tho copy is 
to exceed oye half the size of tho original ; but when tho focus of'tlib 
orthoscopio lens is lengthened by bringing tho object near it, it gives 
a sharp and good imago up to Ml size. It is in fact tho host copying 
lens that has yet been produced. 

Wo have now discussed minutely tho three forms . of lens mostly 
used by photographers. It only remains to describe the mechanical 
means by which lenses are ground nnd polished 


Tins Grinding and Polishing op Lenses, 

i "I' 116 P iec ® °f S ln f. which a lens is to bo mode is cut out of a 
pkto of sufficient thickness, and this is brought roughly into shape 
by moans of pincers, a grind-stone, and an old mould. A pair of 
guagcs nnd moulds are required for each surface of the lens The 

Sw n 0f n 8 T gC !.- 1,C ™, ade b 7 t,l ° squired curve on a brass 

plate, mid cutting through the lino very accurately; one of the 
guages is therefore convex, the other concave. 

” e tl101 ' ' n " [lc tass or iron, and turned in a 
lathe, to httlio guages. One of these moulds is therefore hollow. 

n^WfL^ 0 *’ -i° C118in '° accnrac y tlie y aro then ground one 
against the other, with some fine emery between them. 

n °/ gl u S t t0 . 1 b f g, T (1 is now ntt!lche(1 10 a holdfast by 

a lew drops pf melted pitch. The holdfast is a round brass plate a 

s,n tL S oT Cl ’fi t ,aU ?i° 1<3ns ‘ The mould ia tl,cn applied to the 1 upper 
smtaeo, iogetherwith some conisc emery and water, and the grinding 

ty. lMmd ' b ' V tuvning the mo « ld continuously round 
upon the glass, giving a cross rub now and then, using gentle pres- 

the T ° f tho mould never goes beyond 

the een tie of the glass. When the glass has assumed the shape of 

in AtrmtvF via til 4.1.- . i J , 


fl.o UloulU, and tcS» it 

? h .“ eon - 


S J r— lwn ’ 1110 S rinmn 8' is then eon 

° f tl ° l0n r n T ncs n lmifovm d ™d nppeav- 
S' ‘ if mc 10VC(I - , D >"?"g this process the mould 

mivl u V 1 ‘‘CT'C^tiy ground against the other, in order to 

/ Kede m 2 i° f f0m i tl f ini S bt occuv h> it. Having pro- 
file omew 3 InA <!f-? C CC l )U,n ‘C0 stone is substituted ibr the 

nohshw y> Ti, ft f S «■ moro , grmdin s tho 8UrfuCfi i3 ren{, y f ° 1 ' 

same way. 9m ‘ faC ° Ul ° lei18 ia 11,0,1 U ' cnled i« the 

Jf V°f remains to polish the surfaces. 

Hus is done with moulds of pitch; and fine eolcotlmr is used 
instead of emery or pumice powder. (Coicothnr is the red peroxide 
of iron, called « Eouge,” or jewellers polishing powder ; l ) The 

St 8 i'l 8 ‘ T tls mndo ■«"» ! parts ofStoM rosin are 

tT 1 17! P Ti d ,, : t ° the mctal mould CwMoh is previously 
Jienlulj, to_ tho depth of about a quarter of an inch : tho cold mould 

a 1 1, "nloTrnt; 10 i mcU n P , ' " n ‘ l wl,(m il >" IS wl.olo 

ta SM 5 " [1, ' C,,ly °° 0W - Th0 «*“ ™>»M i» ««» 

As the pohslnug proceeds the pitch becomes hot with tho friction, 
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nnd sticks to the glass, so' that the labour of polishing increase*. 

imKHni )!?i eiK l °f tho °p® rati j n » whic]l must not be mtemmtod 
until tin shod. A drop or two of Water is added to tho colcothar at 

first, but no fresh colcothar or water are afterwards added If tho 
pitch becomes too adhesive it must bo breathed upon “ 

by moolli " ray ' bllt “ “ 

nM ff, ncc()unt of tlio kind of glass Used for photographic lenses 

tica/aiass W “ C 1 lfc 18 k 6 ivci1 article « Op- 

I s lislltP (loes ^ render objects visible. 

so fmlU C ° 0Ul ’ 3 ' P VOtluC ? , chernicftl changes in bodies, and 
so foi tli P Ilteso are questions of the highest importance in soienco 

! !;Lf . mt ? rea t to t!l ° photographer. We slinU endeavour 
lieHy to explain m the present article what light is, nnd whv it 

b^” V ° UW0U8p,1 “ ° f Which n ° P^ctcfifaphor should 

nnhim 2° mm h<VV0 beo 'J fenced udth respect to the physical 
/ft ono called the “ Corpuscular,” tlie other tho 

°‘V 16 fo, : i r 1 ' b yP° illosis i fc .supposed 
that a luminous body emits particles of light, just us a fowlint? 

piece discharges a volley of small shot, and that these Site 
C !b C? ’ ft ' tC1 t^vehing through spaco with immense velooity, at 
3\ TT l - P ° n f C ! C3, 0n the nndutatory theory it is sup- 
ium T 8 bod y c c mm unicates undulations to an elastic 

2 1 lit* PCrVn t 8 v PaC0, 1 tl ! at ihm “"Nation. nve transmitted 
Witli ptodigious velocity, and that they constitute light. 

of . tho corpuscular theory in the pad tense because it 

nf T h r l0nC f b ? T U 0f sciencena inca i >nbl0 of explaining 

mZnm.lZ S ^ innpovtantphenoinoiiHoflight; and we speak of the 
? 0| y-? ^/ ment tonsc i because it is now generally 

« Ll.o undulalory theory of optics is presented to the render as 
having the same claims to Ins ntlcnlion ns the Theory of Giavita- 

nnI!:.^‘r ,Cy ’ ccrt "!» 1 ,V true, and that by mathematical 

opci itions of general elegance it leads to results of great interest- 
\ ilh iognrd to tho evidence for Hu's theory ; if the simplicity of a 
hypothesis which explains with accuracy a vast variety of phenomena 
ot tho most complicated kind, can bo considered a proof of its 


i 

correctness, I believe there is no physical theory so firmly established 
as the. theory in question, This can be felt completely, perhaps, 
only by the person who has both observed the phenomena and made 
the calculations ; ns to my own pretensions to the former qualifica- 
tion, I shall merely state that I have repeated nearly every experi- 
ment alluded to in the following tract. This character of certainty, 

I conceive to belong only to what may bo called the geometrical part 
of the theory 5 the hypothesis, namely, that light consists of undula- 
tions depending on transversal vibrations, and that these travel with 
certain velocities in different media, according to the laws here 
explained. The mechanical part of the theory, as tho suppositions 
refnfcivo to the constitution of the ether, tho computation of the 
intensity of Yeilectcd and refracted rays, &e., though generally pro- 
bable, f conceive to bo far from certain.” 

Such are the opinions of the Astronomer Itoynl, expressed in tho 
year 1881 , with respect to the certainty of the undulatory theory of 
light 5 but sinco that time some points of difficulty in the hypothesis 
have been cleared up, and it now rests on a firmer basis than ever. 
In fact the Corpuscular Theory is now completely exploded, and 
we allude to it as a matter of history, ns we might to any exploded 
system of Astronomy. ■ Should tho render, thereforo, find in any 
popular treatise 011 Optics tho Corpuscular Theory treated with any 
sort of gravity or respect, or in any way than as a delusion, he may 
infallibly conolude that tho author is but imperfectly acquainted 
with his subject. 

Light, then, is the undulation of an ether which pervades space, 
just ns Sound is tho undulation of tho air ; but both the media and 
tho species of undulation are different in tho two cases. Air is a 
material ponderable substance, — lumoniforons other, an imponderable 
substance, and therefore not strictly material according to tho defini- 
tion of Imponderable Agents”) 5 still it may be, and 

no doubt u pnateilai; although it has not actually been proved to 
possess weight. Should space bn filled with a material ether, how- 
ever subtle, it would act as a resisting medium to tho motions of the 
heavenly bodies, and in the case of the comots which have but little 
mass, and movo with enormous velocity, its effect ns a direct force 
continually opposing their motion would bo to cause them to 
descrilm smaller orbits in an appreciably shortov period of lime. 
Now it is found that tho period? of tho comets of IOncke and Bicla 
are netunlly diminished by a few hours in every revolution round 
tho Sun ; but this may happen in consequence of their passing 
through nebulous matter which appears to surround tho Sun for a 
considerable distance, so that it does not afford absolute proof of 
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the materiality of the Imneniforous ether, although it increases the 
probability of its being subject to the common laws of grosser matter. 

The species of undulations are also different in the cases of Light 
and Sound. In common light tho vibrations of the molecules of 
ether take place in a line at right angles lo the direction of propaga- 
tion of tho ray 5 in sound the particles of air vibrate in the direction 
of propagation. The undulations of light may be compared to. those 
produced by throwing a stone into a smooth and deep pond of water ; 
those of sound to tho waves produced in a field of corn when the 
wind sweeps over it. In the former case, that of the water set in 
motion by tho stone, each particle of water moves up and down in a 
vertical line j in the case of the field of corn, each ear of corn moves 
backwards and forwards in a horizontal direction, or something ap- 
proaching to it. The illustration is certainly far from being perfect, 
but it may assist the reader in forming a true conception of the dif- 
ference between light and sound. There is also a great difference 
between tho velocity of propagation, and length of the wave in the 
cases of light and sound. Light travels in vacuo at tho enormous 
rate of 103,000 miles in a second, and the average length of a wave 
of light is about the one fifty-thousandth part of an inch; while 
sound only travels at tho rate of about 1100 feel in a second, and 
the length of a wave of sound capable of affecting the auditory 
nerves of man, lies between a few inches and several/^, — tho short 
wave most frequently repeated giving the high note, the long wave 
less frequently repeated, tho low note, 

But before carrying these analogies any further, we will endeavour 
to explain more clearly the precise nature of an undulation of 
light. 

A luminous body is supposed to bo a material substance the 
particles of which nroin a state of intense agitation. These sot in 
motion the molecules of ether next to them, and this motion is com- 
municated from molecule to molecule, along a lino of molecules, 
with amazing velocity, and in the following manner : 



Suppose AB to bo the direction of a rny of light, and bed atoms 
of ether j then, the atom b oscillates or vibratbs up mid down along 

t 3 
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the line el, at right .angles to AB; the atom 0 along the line fni ; 
d along the line gn ; and so on. 

The velocity of ' the atom at b gradually decreases ns it moves 
towards e, and on arriving at e altogether vanishes 5 the molecule 
theit returns towards b, acquiring fresh velocity ns it approaches b, 
attaining its maximum of velocity at b, then gradually losing it 
again .rts it approaches l } and losing it entirely at l ; after which it 
returns to <? as before; and so on. Similarly with respect to every 
atom along the lino AB 5 and it must ho clearly understood that no 
atom actually travels from A towards B, hut merely continues to 
vibrate through an exceedingly small space in a line at right angles 
toAB. 

This being understood, we have to explain how an undulation is 
produced and propagated. It will be remembered that although 
light travels with amazing velocity, yet thnt velocity is measurable 
and finite, so thnt a molecule of ether, b, at one part of the lino AB 
may bo vibrating, while another molecule, d, is at rest. Suppose 
then we consider tho state of the vibrating atoms which constitute 
a ray of light, at a particular epoch of time. It is evident thnt one 
atom may be at c, while another is aty?, another at 0, another at q, 
another at /, and so on. If then wc draw a curved lino through 
the instantaneous positions of tlve atoms, epogf, that curve will 
represent an undulation, or wave of light ; and tho particles e and/, 
q and s, are said to be in the same “ phase” of undulation; tho 
length of the wave being the distance of, or r/s. 

A ray of common light is composed of undulations which avo 
propagated in the manner described in all possible planes passing 
through AB. A ray of “ piano polarized light” is one in which 
tho undulations nro propagated in only one plane which passes 
through AB. A. ray of “ circularly polarized light” is one in which 
the curved outline ,of tho undulation, instead of lying on a plane, 
forms n spiral round AB like the thread of a corkscrew, and called 
a “ helix. * A rav of “ elliptic-ally polarized light” is one in which 
the spiral, instead of being coiled, so to speak, round a circular 
cylinder, as in tho former case, is coiled round an elliptical cylinder. 
The subject of polarized light will be discussed presently. 

The effect. produced by a ray of light is duo to the blow of the 
last vibrating atom against the material substance upon which it is 
incident. As tire undulations are propagated by the luminous body 
continuously, these blows follow one another In rapid succession, 
and a vast number of very small blows thus administered produce 
an appreciable effect in a finite time. This effect Is moreover con- 
siderably increased when a number of Vays are' brought to a focus, 
and act iraon the same noint. 




Light, therefore; is motion 5 or shall wo say that light is the 
means by which a blow is transmitted from the luminous body to 
the body upon which light is incident, 

_ Light travels in vacuo with uniform velocity ; but there are 
different kinds of light, that is, light which exhibits different colours, 
via. reel, orange, yellow, green, blue, indigo, violet. These different 
colours are produced by the different lengths of the waves of light, 
ns exhibited in the following table : 


Extreme red . 
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Spectrum 
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Extreme violet 



•00075 millimetres 
•00074 
•000(1879 
•0006559 
•0005888 „ 

•0005265 „ 

•0004856 „ 

•0004296 „ 

•0008963 
•00087 

•00086 „ ' 


. Hence it appears that the waves of red light being the longest, 
the number of undulations in a given time are the fewest ; and the 
waves of violet light being the shortest, its undulations are the 
quickest. 

When light passes from vacuum into a transparent medium, or 
from a rare medium into a denser, the velocity of the waves is 
diminished, and mce-vcrsd, The index of refraction, " p” in 
geometrical optics, expresses in physical optics the ratio which the 
velocity of a wavo of light in vacuo bears to its velocity in the 
medium into which it passes. This quantity " ff' is greater for 
violet than rod light j it would appear, thereforo, that their velocities 
being equal nt incidence, tlic red ray travels faster through a refract- 
ing medium than the violet ray. There would consequently appear 
to bo a connection existing between the length of a wave and the 
velocity of its propagation. This circumstance is stated as a difficulty 
at page 285 ot Professor Airy’s Tract on the TJndulntoiy Theory of 
Light. Tho difficulty has, however, boon since removed by Professor. 
Powell, of Oxford, who has demonstrated that within a, refracting 
medium there is actually a difference between the. velocities of rod 
and violet light, the condition being that tho. intervals between tho 
vibrating molecules of ether should bear a sensible ratio to the 
length of an undulation, which condition is Miillod within tho 
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refracting medium, although apparently not in space, where the 
velocity of light of all colours is the same. 

All material "bodies are supposed to be more or less elastic, their 
particles not being in actual contact, and the interstices between 
them filled with lumeniferous ether. It is easy to conceive therefore 
that the chemical phenomena of light, and we may add of heat, and 
probably electricity, are produced by motion among the particles of 
the ether within the interstices of bodies, which communicates 
motion to the material atoms of the body itself, and alters their 
mutual arrangement. On this supposition, there can be no such 
thing n9 Intent heat, latent light, or latent electricity, any more than 
there can be latent motion, which is a contradiction in terms. 
If we suppose light, heat, actinism, and the various forms of elec- 
tricity, when developed in any body to be nothing more than the 
motion, of an ether pervading all space, and filling the interstices of 
every substance, ljufc varying in the length, velocity, and species of 
its undulations, wo may explain by one general hypothesis a vast 
variety of astonishing phenomena duo to agents between which many 
strong analogies are found to exist. Heat, for instance, is proved 
to be the undulation of an clastic medium, and its rays can be 
reflected, refracted, polarized, and made to exhibit interference just 
in the same way ns rays of light. In short, there is a high degree 
of probability that the actinic, calorific, and luminous properties of 
the sunbeam are due simply to the different lengths of the undu- 
lations wliioh are transmitted— -a long wave (comparatively speaking) 
liko the rod exhibiting in a marked degree the effects due to heat, 
a short wave liko the violet those due to actinism , and a wave of 
medium length, those due to light. 

The laws of the reflexion and refraction of light can be easily 
explained on the undulatory theory, but not without having recourse 
to a mathematical demonstration which is not sufficiently elementary 
for the present work. The vendor is referred for this demonstration 
to Professor Airy’s Tract, pages 277 to 298, and also to ILcrschel’s 
“Treatise on Light.” 

Wc shall now consider some of the phenomena of Pola hiked 
Light. 

Vlo have said that a ray of common light is composed of undu- 
lations which take placo in all possible planes passing through tlio 
direction of the ray. Now the internal structure of certain sub- 
stances is such, that when a ray of common light is incident upon 
them, only the undulations wliioh take place in a certain plane or 
planes can bo propagated through the substance, and the. others are 
arrested. An instance of this occurs in the ease of Iceland spar, 




the crystals of which arc rhombs, and arc said to bo “doubly re- 
fracting.” 



Hr 'is a ray of common light incident at r upon a crystal of 
Iceland Spar. On entering the crystal, the ray is divided into two, 
and suffers what is called “ double refraction.” One part of it, ro 
is refracted nearly according to the usual law, and emerges in a direc- 
tion oo', parallel to Hr, This is called the “ ordinary” ray. The other 
part of it, re, suffers refraction according to a new law, (which is 
somewhat complicated, and need not he enunciated in this place,) 
and takes the direction re, after which it emerges in the direction 
ed, parallel to Hr, the direction of the incident ray. This is called 
the “ extraordinary” ray. It is evident that after emergence tho 
ordinary and extraordinary rays are parallel to one another. On 
examining their properties by methods which will be described 
presently, it is found that both tho rays oo' and ee 1 are what is 
called “polarized,” that is to, say, the undulations take placo in 
owe plane only, the plane of the undulations of the ray oo' being 
perpendicular to that of the ray ee'. These planes arc called tho 
“planes of polarization,” and tho rays arc called “ polarized rays,” 
tho term being derived from the idea entertained by Newton,, that a 
ray of light has sides or poles, 

'in the case of the Iceland spar, loih tho polarized rays arc. trans- 
mitted 5 but in that of a thin plate of tourmaline, cut .pai'aliet'fco the 
axis of the crystal, only one of the polarized rays is transmitted; 
and if this polarized ray bo received upon another plate,.of tourma- 
line placed parallel to tho first as regards its plane, but crossways 
to the other in that piano, the rav will be altogether stopped. . This 
effect may bo popularly explained in tho following way : — 



A my 0/ common light, consisting of undulations in all possible 
planes, is incident upon a plate of ’tourmaline, which is to nil appear- 
ance a transparent substance, but its internal structure is such as to 
resemble the parallel bars of a grating, or wires of a cage. Tf then 
we consider the undulations of the ray of common light as talcing 
place upon a. number of cards, all passing lengthways through the 
flu'cction of the ray, it will be only one of these cards that can be 
pushed between the bars of tourmaline, and the other cards will bo 
stopped. Again, if we receive this one enrd, which is the polarized 
lay trom the first tourmaline, upon a second plate of tourmaline, 
with its bars placed crossways to the first, it will he completely 
stopped 5 but if the bars of the second tourmaline bo placed parallel 
to those of the first, it will pass through readily enough. Tins 
explanation will perhaps convey a sort of popular idea of wlmt is 
meant by polarized light, A ray of common light may he con- 

ribnncl " 10Uud> lko a nder 5 a W polarized light ns Hat, like n 

Jiight is polarized by reflexion ns well ns by refraction, and nil 
reflecting surfaces have the properly of polarizing light more or less, 
according to the angle at which it is incident upon them. Sir David 
. SXV m C, ’a T 1 ’™ t,i0 tan ge»t of the angle of incidence 

!!i i • *1°* 1>( ;fr nofc!V f mdex of the medium upon the surface of 
which light is mnidfijiL f.lm i • . . , ■, 
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by imcling the angle of incidence at which complete polarization by* 
reflexion takes place. J 

Although tho subject of polarized light is one of the greatest in- 
terest, yet the scope and object of this work do not permit us to say 
more about it. . The phenomena next to be described arc those of 
Interference, 

Returning to the figure at page 27B. 

If we suppose another undulation to bo propagated along tho line 
All, in such a way ns to combine with the first, the elevations and 
depressions of the first would be increased and the effect at the ex- 
tremity B would be doubled j but if tho second undulation were 
such that its highest point came oxnctly over the greatest depression 
of tho first, tho undulations would exactly counteract cacti other, 
and no effect would .be produced ntB. Between these two extremes 
there would bo of course an infinito number of mean effects, accord- 
ing to the way in which tho waves were superposed. In the same 
way, by lotting ft stono fall into a pond of still water, undulations 
are produced j and if a second stone be dropped in the same place, 
the _ undulations occasioned by the first may he either increased or 
diminished, or even altogether destroyed, and smooth water pro- 
duced, according to the state of the first undulations at tho instant 
of time when tho second series wore propagated. It would appear, 
therefore, that two rays of light falling upon the same spot might 
either produce increased or diminished brightness, or even absolute 
darkness ; and this is found experimentally to bo the case. Tor, let 
two rays of homogeneous light, red light suppose, emitted from dif- 
ferent sources of light A, B, be transmitted through two pin holes 
in a darkened box, and received upon. the same spofcj C, of a white 
screen, _ If the length of the beam AC bo equal to that of tho beam 
BO, or if the difference between AC and BC be any multiple of the 
length of a ray of red light, i. <?., any multiplo of '0000258ths of an 
inch, tho undulations will oxnotly combine at C, and tho intensity 
of tho red spot produced bv oithcr ray singly will bo doubled. But 
if the difference between AC and BO bo any odd multiplo Qthaif 
tho length of a wave of red light, so that the crest of tho imdulfttioR 
of ono ray may he superposed on tho depression of the undulation of 
the other ray, darkness will bo produced at C. Two , rays of light 
incident upon tho snmo spot may therefore produco darkness, and in 
the same way two rays of heat may produce cold, and two irays of 
sound silonco. This remarkable effect cannot : possibly ho ex- 
plained on tho corpuscular theory, for on the tjnQoryof the emis- 
sion of particles, moro particles ought to produce' ^ oh) light instead 
of darkness. 


The phenomena produced by the interference of waves of light 
are among the most beautiful in. optics. Nothing can exceed the 
splendour of the coloured images exhibited in many of the experi- 
ments which are illustrative of interference, but in this place we 
can only briefly allude to the fact that the colours produced by thin 
films are caused by the interference of the rays reflected from the 
inner surface of the film, with those reflected from the outer surface, 
while the iridescence of mother of pearl, and the varied hues of 
iridescent ornaments, arc occasioned by fine lines existing in the sur- 
faces of these bodies, which cause the interference of waves of light. 
Newton’s rings, for instance, and the varied colours of soap-bubbles 
are produced by interference. 

We now pass on to the Diffraction or Inflexion of light. 

It is assumed in geometrical optics that light can only proceed in 
a straight line, and therefore that a body which intercepts it must 
necessarily cast a shadow of definite form, sharp outline, and uniform 
intensity of blackness. This assumption may liavo its uses in geo- 
metrical optics, but in physical optics it is found to be not strictly 
correct, for it appears that a ray of light, or lino of undulations, is 
actually bent round the corner, so to speak, in passing close to tho 
edge of an opaque body 5 so that when an opaque body which inter- 
cepts the light proceeding through a small orifice into a darkened 
chamber is sufficiently narrow, and, at a proper distance from tho 
opening, the rays wluoli we bent round the opposite sides of it in- 
: ;Jtirfbro and produce alternate bands of light and darkness across its 
: Shadow] and in every case, whatever maybe tho shape or size of 
;tlio intercepting body, it is found that interfering waves of light 
produce a series' of dark lines and coloured spaces round the edgo of 
its shadow.. 1 To explain this phenomenon it is supposed that when 
light is 'Admitted through a small hole into a darkened chamber, the 
central rays of the pencil pass, straight on and produce a light spot 
upon the opposite wall, while tho undulations which immediately touch 
the sides of the opening have the property, like those of sound, of 
communicating undulations obliquely to llio ether within the box, 
and thereby of producing refracted rays which travel with diminished 
velocities, and, by interfering at the edge of the shadow, produco 
the dark lines and coloured spaces in question. 

It lias been thought by some persons that tho inflexion of light 
round the edges of dnrk objects which intercept it might lend to 
produce indistinct positives, when these arc taken in a copying 
camera by light which is transmitted through a transparent negative. 
But this idea is erroneous. Wo have shown in the article on tho 
“ Condenser” that the light parts of a transparent negative which 



has either the sky, or a luminous background, or a light and con- _ 
denser, behind it may be considered ns made up of a system of' 
bright points, each of which is the origin of a divergent pencil of 
light so that the bright point immediately adjacent to the edge of 
any dark part of the negative is the origin of a divergent pencil of 
light which is refracted by the lens to a focus. Now it is evident 
that any rays of light which may bo bent by inflexion round the 
edge of the dark part of the negative would only add so many more 
rays to this divergent pencil, and that the lpns would refract them 
to the same focus as the other rays of that pencil. They could not, 
therefore, produce indistinctness in the picture. It is important 
that this should be clearly understood. The indistinctness pro/luced 
by copying-lenses is occasioned by spherical aberration not being 
properly corrected in them. 

Wc must now draw to a close our remarks on the interesting 
subject of the physical nature of light with a few observations on 
the colour of natural objects, and tho theory of the decomposition of 
light by absorption. 

The colour of a natural object (when its surface is not iridescent 
and’ the colours produced by interference), is duo to its absorbing 
all the rays of light which fall upon it, mul reflecting or radiating 
only those of its particular colour. The colour of a substance is 
therefore due to some peculiarity of its structure. 'A black substance 
absorbs all the rays of light and reflects none, becoming at the same 
time heated, or, to speak more correctly, radiating heat rays, which 
seems to indicate that the absorbed light becomes heat. A white 
substance, on the contrary, reflects all tho rays of light, and absorbs 
none, and does not become heated (comparatively speaking). This 
again bears out tho idea of the conversion of absorbed light into 
heat. 

The reader may enquire what, in general, becomes of absorbed 
light, or lost light. "VYc cannot do better than quote the following 
reply of Sir John Hcrsohol to this question : 

“The question, ‘What becomes of light ?’ mergfes in the more 
general one, ‘Wlmt becomes of motion?’ and the answer on dyna- 
mical principles is, that it continues for ever. No motion is* strictly 
speaking, annihilated; but it may be divided, and the divided parts 
mndo to oppose, mid in effect destroy one another; A body struck; 
however perfectly elastic, vibrates for a time, and then appears to 
sink into its original repose, kbit this apparent rest IS nothing else 
than a stale of subdivided and mutually destroying -motion, in which 
every molecule continues to bo agitated 1 by nil indefinite multitude 
of internally reflected waves, propagated through it iu evory possible 
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direction from every point in its surface on which they successively 
impinge. The superposition of such waves will, it is easily seen, fit 
length .operate their mutual destruction, which will bo the move 
complete the more irregular the figure of the body, and the greater 
the number of internal reflections.” 

The theory of the decomposition of light by absorption, brought 
forward some years ago by Sir David Brewster and since advocated 
by numerous popular writers, has not boon adopted by men of 
science, but, on the contrary, condemned by Professors Airy, 
Helmholtz, and others. The idea that the seven colours of the 
spectrum can bo decomposed by absorption into three, viz., rod, 
blue, and yellow, has been shown to he an illogical inference from 
experiments imperfectly conducted. There must bo considered to 
exist as many different kinds of light as there are different lengths 
of waves within the limits of the visible spectrum ; and when tho 
undulating ether ceases to produce tho phenomena of light and 
colour, its undulations may bo called heat, notinism, or as the enso 
maydm, according- to the effects they produce on grosser matter. 
, ! ,. : i|ith respect to .tlie chemical action of light, this must be consi- 
dered as chie, in all probability, to the vibratory motions of tho cthor 
within the. interstipes of a body establishing n mechanical disturbance 
amongst its particles, which either enables or compels them in 
certain cases to form a now arrangement, or enter into new com- 
. mnations with each other. By adopting tho notion that there is no 
absolute, oontapt between atoms, and that all bodies are more or less 
elastic, Wc can readily imagine that the undulations of tho universal 
. ether may act as a mechanical force in promoting chemical combiim- 
U°n, or. decomposition, determining crystallization, and so on. Wo 
need not in tins place again enumerate any of tho principal phe- 
nomena of actinism, these having been discussed at somo length in 
the artiolo on the " Chemistry of Photography/’ but it may bo well 
to define clearly what the term actinism means. Assuming, then, 
as highly probable, Hint the phenomena of heat, light, actinism, mul 
tun various kinds of oleotricity are produced by undulations of tho 
same universal ether, which differ only in the lengths of tho waves 
nm the velocities of their propagation, wc should dolino notinism to 
include all such chemical, changes ns are effected by waves of other 
varying in length between that- of a ray ot yellow light and of an 
invisible ray of the greatest ascertained refrangibility. According 
to this definition, whatever the chemical elFeots of flip red and vellow 
rays, may tic, they would lie attributable cither to hoat or light, and 
not to aotimsm, for both heat and light arc known to produce 
important chemical changes. But, after uU, a definition of this 
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kind is only of use until by some fortunate generalization of causes 
wo are enabled to substitute a better one for it. 

The question of “Latent Light” is discussed with that of 
“ Latent Heat v, 

Lignin ; 0 3() H 22 0 22 . This substance may be considered ns a 
compound of enrbon and water. It is of groat importance in 
photography, first because pyroxylino is made from it, and secondly 
because paper is a nearly pure form of it. 

Lignin forms the solid framework of plants, It is obtained in a _ 
pure form by removing from saw dust, or any other kind, of finely ' 
divided woody fibre, all soluble matter, by steeping ifc in hot and 
cold water, boiling it in alcohol, water, solution of potass, weak 
hydrochloric acid, and lastly in distilled wntor, and then drying the 
residue at 212°. _ Or in addition to the above treatment, it mny be 
bleached by chlorine, and rinsed in acetic acid. The cleansed and 
blenched fibres of linen or cotton, are tolerably puro lignin. 

Pure lignin is white, tasteless, and insoluble in water, alcohol, 
ether, and the oils, or hydro-carbons. Its S, G. is 1*5. When 
acted on by a cold concentrated solution of sulphuric acid, it is 
converted into dextrine and g'rnpo sugar; cold concentrated nitric 
acid converts it into xyloidin, having nearly the same properties ns 
that' obtained from starch ; the continued action of hot nitric acid 
on it produces oxalio acid ; liydroohloric acid blackens, but docs 
not dissolve it, and the acid becomes red or brown j a hot and 
strong aqueous solution of potass produces oxalate and ncctnte of 
potass. It is evident, therefore, that in the process of making 
pyroxylino by acting on lignin with nitre-sulphuric acid, other com- 
pounds may bo formed which would in general bo injurious in 
collodion. 

Lignin combines energetically with various salts and metallic oxides, 
and this property is very important in the arts of dyeing mid calico - 
printing, m which colouring matters are made to combine with textile 
fabrics ; and also in the preservation of timber from dry rot, and 
of canvas from mildew, &c. This property lies also at the founda- 
tion of the photographic processes on collodion mid paper, for had 
lignin, in its natural form as paper, or in its altered form ns. nyroxy- 
lino, no power of combining chemically with metallic oxides, tlie 
photograph would merely lie upon the surface of the film, and could 
bo blown by a breath or removed by a touch lrdm it. It mny how- 
ever bo the presence of the organic matter that is necessarily nsso- 
•ciatcdwith the matorinl of photographs which either dluscs Or assists 
them to fade, V • 


Wood may bo preserved from dry rot by Kyan’s patented process 
of steeping it in a solution of bichloride of mercury j or in one of 
sulphate of iron, sulphate of copper, or chloride of zinc. The latter 
salt is especially useful in protecting sail doth from mildew. Alu- 
mina combines energetically with calico and linen, and is much used 
as a mordant in dyeing. 

Woody fibre appears to be permanent in dry air, or completely 
under water, but not when exposed alternately to the action of air 
and damp ; the ultimate effect of the gradual process of decay being 
_ the removal of alt the elements but a portion of the carbon from the 
'lignin. Hence it is that some forms of coal, as anthracite, arc nearly 
pure enrbon. One of the products of the decomposition of lignin is 

“ dre damp j” another,, carbonic acid. The beds of coal in different 
parts of the world are supposed to have been formed by the decom- 
position of the forests of monster ferns which at one time covered a 
Targe portion of the earth’s surface, in all latitudes, before it cooled 
down to its present temperature, and when its atmosphere was too 
much impregnated with carbonic acid to bo fit for the support of 
animal life. 

. _ Time-light, When a jet of mixed oxygen and hydrogen gases 
is ignited, tho flame is scarcely visible, although intensely hot j but 
by introducing solid matter into it, by causing it to play upon a ball 
oi lime a most intense white light is produced. (See “ Flame.’’) 
This is called the “ Drummond light.” It is highly actinic, but less 
so than tho light produced by the charcoal points of a voltaic battery. 
The Drummond light is employed at public institutions for tlie exhi- 
bition of dissolving views, and microscopic specimens. Another form 
of lime light, invented by Messrs. Horne mid Tliorntlnvaitc, of 
Newgate Street, consists in urging a jet of oxygen through the ilnnio 
of a spirit lamp, and causing it to play upon a ball of lime. Tho 
light is very white and intense, although not email to that of the 
Drummond HgU. It is called the “ Oxycnlcium light ( 2 . a.) and is 
very convenient for exhibiting the magic lantern to a small assemblage 
of spectators as well as in certain photographic operations when 
conducted by artillcinl light. 

The incandescent limo is gradually dissipated, or sublimed, mid 
, the lime ball must be renewed from time to time. 

Line. Tho one-twelfth part of an inch. 

Linseed Oil. A drying oil, obtained by expressing tho seeds of 
common Jinx, which yield from 20 to 25 per cent, of their weight. 



[Is S, G. is ‘9395 at 52°. It may be cooled down to 40° without 
solidifying. It is soluble in 40 parts of cold, and 5 parts of boiling 
dcohol, and in I'G parts of ether. A small quantity of the alcoholic 
solution is sometimes added to spirit varnishes to diminish their 
wittloncsB. 

The drying quality of linseed oil is increased by boiling it from 
ihree to six hours, and then stirring into it from 7 to 8 hundredths 
ifits weight of litharge; {q, v.) In this operation the lead is partially 
’educed, and a little olente and stearate of lead are formed, which the, 
>il holds in solution. 

A mixture of boiled linseed oil and mastic varnish forms a gela- 
;inons substance much used by artists, and called “Magilp,” 

Linseed oil is extensively used in paints and varnishes, and also in 
winter's ink. 

Liquor Ammonite. Aqueous solution of Ammonia j q. v. 

Liquor Potasses. Aqueous solution of Potass j q. v. 

Liquorice Sugar. See “ Glyoyrrhiaine.” 

Litharge j Massicot. Protoxide of lead, Pb, 0=112. The 
‘ galena/ 1 or native sulphide of lead, from which lead is commonly 
obtained, sometimes contains silver. "When this is the case a blast of 
lot air is passed over the fused mixed metals. This oxidizes the 
cad, but has no effect upon the silver. The oxide of lend, or litharge, 
.9 therefore blown olf, and collected in a suitable chamber. 

Litharge is a heavy yellow powder, slightly soluble in water, to 
which it gives an alkaline reaction. It melts at a red heat tjnd tends 
lo crystallize on cooling, but on reaching 212° falls into a powder. 
When melted it combines energetically with siliceous matter, and 
would destroy an earthen crucible, 

Lithavgc is much used by painters as a dryer. See “Linseed oil.” 
Dark red lithnvgo is called “litharge of gold}” the pale variety, 
“litharge of silver.” 

Water which has been filtered through litharge increases the energy 
of the developer which is dissolved in it, but this should be used im- 
mediately, for it will not keep. There is also danger of its. producing 
fog upon the plate. 

Litmus 5 Tournesolj Laomus. A viplet coloured paste, sold 
in tho form of blocks or pyramids. It is made, like archil, by treat- 
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ing certain Holtons which grow on rocks by the sea side, in the 
following manner:-^ 

They are cleaned and ground into a pulp with water ; then, am- 
momacnl liquors from the gas works are added, and tho mass frequent- 
ly stirred and exposed to tire air as much ns possible. Til this way a 
peculiar colouring matter is produced, which, when perfect is pressed 
out, and mixed with chalk or plaster of paris so as to form a paste. 
This is the “ Archil,” of commerce, much used ns a purple dye. 
Another variety, made in the same way in Holland, from the lichens 
called Roccella tartarea , and Lecanora iartarea , is called “Lit- 
mus.” rthns a violet-blue colour, is easy to pulverize, and is partially 
soluble in water, and dilute alcohol, leaving a residuum composed of 
carbonate of lime, clay, silica, gypsum, and oxide of iron combiucd 
with the dye. 

The colour of litmus is reddened by acids, and afterwards restored 
by alkalies. Litmus is much used for making Test-papers 5 q. v. 


Logwood. The hcartwood of the Hminloxylon OampeehianiDn, 
of the West Indies 5 brought to Europe in logs about 3 feet in length. 
The infusion of this wood is of a dark red or purple colour, and is 
used in dyeing and staining. It gives purples and blues, and also 
blacky of various intensities by means of iron and alum bases. Its 
colouring matter is oallecl “ Ilomatin.” When chipped logwood is 
fbr some tinio exposed to the air it loses a portion of its dyeing pro- 

DqqpoUph of logwood absorbs oxygen from the atmosphere, and 
golatino, a property which it did not at first 

Lunar Caostio. Nitrate of silver fused and moulded into sticks. 
Commercial lunar caustic is sometimes adulterated with the nitrides 
of potnss, zinc, lead, and copper, and should not be used in photo- 
graphy. 

Lutf.s. Used for securing the junctions of vessels, and prevent- 
ing the escape of their contents when submitted to various chemical 
operations, ns distillation, &c. Tho lutes used for ordinary purposes 
are slips of bladder, linseed meal made into paste with gum water, 
albumen and quick lime, putty, nud a fat lute composed of pipe clay 
and drying oil. Windsor loam is used as a lute to withstand n high 
temperature j this is made by mixing clay and sand into a stiff paste 
with water. If intended to vitrify, borax or red-Ieftd shduld bo mixed 
With it. ■ 
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. •^ A(,rc IjANtbhm. An instrument for exhibiting magnified 
imngcs of transparent pictures upon a screen. The arrangement 
01 the (hUcrenfc parts of the apparatus will be understood from the 
following figure. 



A is the source of light j which maybe either an nrgand lamp 
with a reflector behind it, or bettor still, a lime-ball rendered incan- 
descent bypassing a jet of oxygen through the flame of a spirit 
lamp, and causing the flame to act upon" it, (See “ Oxy calcium 
light. ) .BO are the lenses of the condenser, (See “Condenser,”) 
which collect all the rays of light which proceed from the lamp, 
within the angle '.FAB, and cause them to converge in such a way 
ns to pass through the transparent picture ED. The front lens J\B 
is plano-convex, the back lens 0 a “ Crossed lens q. v. ED is 
the transparent picture, which must bo placed in an inverted 
position. L is a combination of lenses having short negative focal 
length ; and de the screen on Which the magnified image of ED is 
received, and rondered visible. 

The distance of the slide ED from the lens at L is rather greater 
than the principal focal length of the combination, and then the 
screen, which is in the other conjugate focus of the lens, is at a 
much greater distance from it. A pencil diverging from E is 
brought to a focus at e, and ft pencil from D at d ; and so on. The 
combination of lenses at L which the photographer will find by far 
the best is the common portrait combination ; and wlien this is 
used, the posterior Ions of tho combination should he placed next to 
the picfcuvo, and a stop should bo placed between the lenses, as 
occasion may require. The focus of the condenser should fall pretty 
nearly on tho lens at L winch is nearest to the screen. 

In order to obtain ft perfectly flat field upon the screen, the 
picture ED should ho painted, or photographed, upon a curved 
surface like a watch glass. (See “Micro-photography”) 

Magic lantern slides are painted in transparent colours ground in 
Canada balsam. 
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Photographic slides for the xnngio lantern may either bo printed 
upon dry collodionized or albumenized glass plates,, by superposition 
of the negative, or they may be printed by the wet collodion process, 
by means of a Copying Camera ; q. v. In this ease a little chloride 
of magnesium added to the iodizing solution is an improvement, for 
jt gives greater vigour tmd a hotter colour to the blacks. The glass 
should ho perfectly transparent in the light parts ; but stereoscopic 
slides backed with ground glass may be exhibited in the magic 
lantern, and produce a tolerably good effect, 

Sometimes the screen, or sheet, on which the image is thrown 
is wetted in order to render it semi-transparent, and the spectators 
are then placed behind it, and consequently see nothing of the 
apparatus. 

Dissolving views arc produced by means of two lanterns, the axes 
of whioli are directed towards the same part of the screen, and 
.each of which contains a slide. When a view is to be changed, 
the cap which closes one lantern is gradually opened, while tlio 
other lantern is being shut off. Tins is done by turning a handle 
which puts in motion a piece of meohanism contrived for the purposo. 

Magim 1 . A gelatinous compound made by mixing boiled oil 
and mastic varnish, in about equal proportions, It is much used 
by artists for thinning oil colours, and “ glazing” on delicate tints 
fop the finishing of the picture. 

Magma, When a mixture of substances forms a thick pasty 
$$|s it is called a “ magma,” 

Mg; as IB. & metal, the base of magnesia. It 
resembles silver in appearance, is hard and mnUenblo, and quickly 
converted into magnesia by the notion of dump air. 

Maonjssium,, Oxide op; Magnesia. Mg. 0 is 20. A white, 
henvy, insipid powder, nearly insoluble in water, and having a very 
feeble alkalino reaction on vegetable colours. It absorbs cni'boui'o 
acid and water from the for, but these may bo driven off again at a 
red heat. Its salts have in general a bitter taslo, and many of 
them, in particular tho chloride of magnesium, and nitrate of 
magnesia, mo deliquescent. The affinities of moguosia for tho ncids 
arc in general about equal to those of ammonia. 

Manganese, Ej,ack Oxijjb of; Mu. 0 2 . This is a mineral 
which occurs native in Devonshire, Somersetshire, and Aberdeen- 
shire. Its chief, and perhaps only use to tho photographer, is ns a 
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sm,vco of oxygen gas for tho oxycaleium light. When heated in a 
retort to a full red heat it gives oft' oxygen, and becomes converted 
into a sesquioxkto, Mil.® 0 3 j it should he well dried before being 
put into the retort, Avium added, in the proportion of about one 
part of black oxide of manganese, to three parts of chlorate of pot ass, 
and moderately heated in a retort, over a common five, oxygen is 
abundantly given off. The presence of the manganese greatly 
assisja the evolution of oxygen from tho latter salt, without appearing 
itHi'lf to undergo decomposition. 

.far Manoanatk ov Potass : K 0, Mn . 8 0 7 , This salt is easily 
prepared thus : — 

-Kqunl parts of linely powdered black oxide of manganese and 
chlorate of potass am mixed with ono part of caustic potass dissolved 
in a little water, then evaporated to dryness, and exposed to a tem- 
perature just short of ignition. ' Tlm mass is then treated with hot 
wider, the inaolublo oxide separated by decantation, and tiro deep 
purple liquid concentrated by boat until crystals form upon its surface, 
It is then loft to coot, Tho crystals arc a deep purple colour and 
not very soluble in water. 

This salt is a powerful oxidizer, and its solution becomes decom- 
posed and decolorized by contact with impurities existing in tho 
atmosphere of towns. (Sm “ Sepoinotor.”) It has also been used 
ns a means of testing lire comparative' stability of positive prints pro- 
duced by various processes, 

Maiunjs Okmknt 5 Matitnb Qi.uk, Digest from 2 to 4 parts 
or India, rubber, cut into small pieces, in 34 parts of bon-/, ole, and 
promote solution by heat and agitation. The solution should have . 
tho consistence of thick orenm, Add to it (12 parts of powdered 
sholluo, and molt tho mixture over tho live, stirring it well. Then 
pour it upon platos of metal, so that it may cool in sheets. 

To use it, neat it in an iron vessel to 'about 250°, mul apply it 
• with ft brush to the surfaces to bo joined. 

Maiiking Ik k. Hirst apply tho following mordant to tho linen : — 

Carbonate of soda ... . 2 ozs. 

Distilled water . , , , . 1 pint. 

Then write upon it, -when- dry, with tho following ink : — ■ 

Nitrate of silver . , .1 drachm. 

'Powdered gum arabio . , , 2 drachms, 

Sap greon . , , , I aoruplo. 

Distilled water . , . ' , 1 duiico, . 
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Or, the following ink may be applied without a mordant ; — 
Nitrate of silver . . ,1 ounce. 

Carbonrite of soda . . . 1$ ounce. 

Tartaric acid .... 8 drachms. 

Ammonia 2 ounces. 

Archil A ox. 

White sugar . . . . 6 drachms. 

Powdered gum arabio . .10 drachms. 

Distilled water . ... quantum sulL 

Dissolve the nitrate of silver and carbonate of soda separately, then 
mix, wash the precipitate, put it into a mortar and add the tartaric acid 
until effervescence censes. Add the ammonia to dissolve the tartrate 
of silver, then mix in the other ingredients with the distilled water. 

Mastio. A species of resin nuyffi used in varnishes. It comes 
from the Levant, and occurs in small drops or tears of a pale yellow 
colour, which are the produce ^ of the Tisiacia lentiscns. It contains ' 
about 90 per cent, of a resin easily soluble in alcohol (mastieic 
acid), and a viscid and difficultly soluble resin. 

Matches, Congreve, or Lucifer. Make the following ingredients 
into a paste with water, and dip the matches into it : — 

Gum arabio 10 parts 

.. Phosphorus, powdered . . . 9 „ 

Nitrate of potass . . . . 14 „ 

Black oxide of Manganese . .18,, 

Measures t See Tables at the end. 

Meltimo Point op Metals. The following table is extracted 
from “ Turner’s Elements of Chemistry”; — 


• • ■ 

/Mercury 


Fnhvonhoit. 

. -39° 


Potnssium 


. . 180° 

Fusible below a red 

Sodium 


. 190° 

heat, or 980° the 

•.Tin ,. 


. . 442° 

heat of a common 

■ Cadmium 


. 4fi0° 

fire being about 

Bismuth . 


. . 497° 

1200°, 

Lead , . 


. 012° 


Zinc , , 


, .. 773° 


^Antimony 



Silver . 


•! .1873° 


Copper . 


. 1990° 


Gold . . 


> 2016° 


Cast Iron 

. , 

. 2780° 
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Cobalt nnd nickel arc rather less fusible than iron. 

Platinum nnd chromium are only fusible before the oxyhydrogen 
blow-pipe. The same may bo said of most of the very scarce 
metals. 

Mercury ; Ilg. =100. A white metal, fluid at ordinary tem- 
peratures, and solid at — 'liO*. It boils nnd becomes vapour at 660°, 
and emits vapour at all temperatures above '10°. The principal 
ore of this metal is the sulphide, or native cinnabar. 

Perfectly pure mercury may bo agitated in contact with air, 
oxygen, hydrogen, nitrogen, carbonic acid, and alcohol ; but when 
impure it becomes coated with a grey powder, which is a mixture of 
the oxide of the foreign metal and finely divided mercury. On the 
other hand, when mercury is agitated with water,, ether, or oil of 
turpenlino, it is reduced to grey powder, which is composed of 
miuuto globules of mcroury blended with the foreign body. 

Mercury combines with several of the metals, anti forms “ amal- 
gams.” 

Mercury, Oxide op. There arc two oxides of mercury, viz., 
the black, IIg. 9 0, and the red, Ilg. 0, Both are salifiable. The 
black oxide is reduced by light into Ilg. and Ilg. 0.. The rod 
oxide becomes black when heated, but red again on cooling. It is 
superficially reduced by light, nnd becomes black. These oxides 
form a great number of curious and important salts. 

Mercury Batii. The box in which daguerreotypes arc deve- 
loped by the fumes of mercury. It should be made of iron, in the 
form of an inverted pyramid, provided with a thermometer,, nnd 
supported upon an iron stand. The plate should bo placed horizon- 
tally over the mercury. This form of apparatus was first used ip 
America, and may now bo seen at most photographic dep&ts in this 
country. It is very Bimplc nnd inexpensive, 

Metagallio Acid. An organic substance formed by the oxid- 
ation of gallic acid. It combines with oxide of silver, and other 
metallic oxides, and displaces carbonic acid from the alkaline car- 
bonates. It is produced by rapidly heating gallic acid up- to 480°, 
when carbonic acid and water are evolved, and .mctngallic acid 
remains as a black shining substance, insoluble in water, alcohol, 
and ether. Its equivalent is supposed to be C 18 1I 8 Og, IIO. 

Metagelatine. When a strong solution of gelatine has been 




boiled and cooled several times it censes to gelatinize on cooling, 
mid remains fluid. In this state it is called metagchtino, and may 
be used successfully ns a preservative substance in the collodion 
process. It is a much less powerful reducing agent than honey, anil 
therefore less likely to fog the collodion plate. 
i The mode of preparing metagolatinc, originally described by 
Mr. Maxwell Lyte, is as follows : — 

Dissolve ounce of pure white gelatine in 10 ozs, of boiling 
water. Add 60 minims of strong sulphuric acid diluted with 
24 ozs, of distilled water. Boil for five minutes, and then let the liquid 
cool. Then boil it again for five minutes and let it cool. Should 
it still gelatinize on oooling, repeat the operation. When it remains 
fluid on cooling, neutralize the acid with powdered chalk, and 
remove the insoluble sulphate of lime by squeezing the mixture 
through a cloth. 

Mctagelntine dries to a hard transparent film upon the collodion. 
When intended to be used : ns a moist preservative, a little golden 
treacle, (not honey nor glucose,) should be added to it. 

Methyl. Me. (Greek, /uOv wine, and b\t) wood.) A hypo- 
thetical substance, the composition of winch is assumed to bo C 3 1L, 
and which forms the supposed base of a series of methyl compounds 
analogous to those of ethyl. 

Mbtiiylxc Ether. Me. 0 = C 2 IL 0. When equal parts of 
“wood alcohol,” (or “pyroligneous spirit,” ns it is termed,) and 
sulphuric acid are distilled together, a gas is evolved, which, when 
collected over mercury and purified by potass, is found to consist of 
oxulo of methyl, or mcthylle ether. It has an cthcrial odour, with 
n tuint resembling peppermint, and may bo tuken up abundantly 
by alcohol, or wood-alcohol, or ether. 

Metitstlio Alcohol. Me. O + H 0— C 2 II fl 0 + II 0 . This 
substance, called “wood alcohol,” or “pyrpxylie spirit,” is a hy- 
drated oxide of methyl, and analogous to the alcohol of tno 
ethyl series. It is one of the products obtained from the distillation 
of wood. In its properties it greatly resembles alcohol, and as 
there is no duty on it, it is. much used, ms a solvent for varnishes, 
&c. Its taste is hot and pungent 5 . S. <$, /800 : s it bpijs at 150°, «t 
the mean pressure of the atmosphere ; mixes in all proportions with 
water, alcohol, and ether ; and is neutral to tost paper. 

>. Recording to an excise regulation, when prtUnavy alcohol ia 
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mixed with 10 per cent, of wood alcohol) it is sold free of duty, 
under the name of '‘methylated Spirit.” 

Methylated spirits are extensively used in the manufacture of 
collodion, on account of the heavy duty on ether and alcohol. It is 
probably due to the variable quality of these spirits that so much 
bad collodion finds its way into the market. 

Mica, A transparent mineral, of a pearly lustre, mostly brought 
front Siberia. It may be divided into sheets, which are hard and 
flexible. It is an ingredient of granite and gneiss. 

• Mioho-Photoghapiiy. Under this head may be included two 
different processes. Ono is of little or no practical utility, and con- 
sists in copying objects on an exceedingly small scale, the photograph 
being intended to be viewed through a magnifier, or microscope. The 
other, which is a branch of photography of the highest interest and 
importance, consists in producing enlarged photographs of minute 
objects — that is, in fixing the images obtained in the microscope. 

With respect to the former of these two processes, a few words 
will suffice. In order to obtain an extremely minute image of an 
object, it must either be placed at a much greater distance than 
usual from the lens, or a lens of very short focus must be used. 
Any of the ordinary forms of photographic lens may be made of 
ono inch focnllength, and then. by placing the object or group to 
bo copied at a suitable distance, a photograph may be obtained in 
a drop of collodion. The only difficulty in the process is that of 
focussing. This may be done on the sensitive film itself, a yellow 
glass being interposed between it and the lens while focussing, and 
n powerful magnifier employed to examine the focus. Negatives 
may, of course, be copied either by transmitted natural or artificial 
light. Enough has now been said about a process winch must 
strike any reasonable person ns somewhat trifling and childish, when 
he considers how many valuable applications of photography remain 
yet to bo worked out. 

The copying of magnified images in the microscope, in such a 
way as to satisfy sound criticism, is a. matter of much greater 
difficulty. The principle of the thing is simple _ enough, and will 
bo understood by reference to Eig. 0 , page 08, in which P Q raay 
bo considered a microscopic object, and p q its magnified image 5 
but the difficulty consists in obtaining a fiat field when the ratio 
between the size of the imago and the object is considerable.* In 
the low-power lens of an ordinary microscope- this ratio is ns 8 s i 5 
and the me of the Add about I'd inches;?! ; i33y using a lens of double: 
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the focal length, and removing the object to double the distance fiQin 
it, a picture of the same size is obtained, the lateral pencils have 
hiss obliquity, and the field is much flatter, but the amount of light 
is reduced to one fourth. It is evident, therefore, that the optical 
difficulties are diminished by increasing the intensity of the light. 

It would be well, therefore, to perform micro-photographic operations 
by sunshino transmitted through the object by means of a reflector 
arid condenser ; or else with the Bude light. A great amount of 
solar light is, however, accompanied with great heat, and a difliculty 
is introduced from this cause. The photographer has, however, two 
other resources. He may either work upon plates which arc ground 
spherical, like a watch glass j or the object itself may bo inclosed 
between curved glasses. The former plan would probably bo found 
the best. 

With respeot to the best form of lens. There is an erronous im- 
pression afloat among amateur mieroscopists who know but little of 
optics, that the obliquity of the pencils when high powers are used 
is something considerable, and that modern soience has brought under 
its control the various vagaries of oblique pencils. This is not the 
ease. The vagaries of obliquo pencils are inourablo, and like (ho 
quadrature of the circle they set at defiance all the resources of the 
mathematician. The truth is, the obliquity of the lateral pencils in 
the microscope is inconsiderable compared with that of tho lateral 
pencils in an ordinary camera obscuvn. The best form of lens for 
obtaining micro, -photographs is therefore an nohromatio singlo lens, 
as represented in Fig. fl, and constructed on a similar principle to 
the object glass of the telescope. By increasing the number of lenses, 
light is lost, and distortion introduced. 

Tho principles of this branch of photography having boon now, it 
is honcu, clearly explained, the various modes of applying them may 
be loft to tho ingenuity of tho reader. 

Milk. The milk of different animals docs not appear to vary 
much in composition. It is composed of three principles, viz., butter, » 
cheese, (or casein,) and whey, (or serum). 

When examined under the microscope milk appears as a transpa- 
rent fluid in wliioh small white globules are diffused. These rise to 
the surface when the milk is left at rest, ancl form orenm, which may 
be removed by skimming, The globules: are supposed to ho the 
butter contained in small membranous bags, which are broken by 
ohurning. Ththoi* lias at first no effect upon thesoi globulos, but tlio 
membrane is soluble, in acetic acid,' and when dissolved, the butter is 
liberated and ether readily takes it up. • ruir- 
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Cnseiii is a substance resembling- albumen in its properties. It is 
soluble in an alkali, and may be coagulated by an acid. See **• Ca- 
sern.” 

Serum or Whey is the watery matter of milk. It contains a sugar 
called Sugar of Milk, q. and also various salts. 

Milk contains about 14 per cent, of butter, 14 per cent, of casein, 
and the remainder whey. It is either neutral or slightly alkaline, 
but quickly becomes acid by exposure to air, from the formation of 
lactic acid. 

Both casein and whey are useful in photography, but milk should 
not bo used in any process until tho cream lias been completely re- 
moved by ski mining. Curd or casein is produced by adding an acid, 
or better still a pieco of rennet, to fresh milk. See “ Bonnet.” 


Minium. Bed Lend ; q. v. 

Mordant, A olnss of substances used in dyeing, their effect 
being to cause the dyeing material to combine with tho fabric to which 
it is applied, so that it cannot be removed by simple washing, or any 
ordinary treatment. Mordants are in general metallic oxides which 
have an affinity for the organic matter of the stuff, and by combining 
with it, cause the particles of the dye to combine also, mid form a 
species of triple compound. Tho mordant most likely to be useful in 
photography is biohromate of potass when reduced by light. This 
enters into powerful combination with lignin, and takes down with 
it _ any particles of carbon, or pigment, or colouring matter that are 
mixed with the bichromate. In this way textile fabrics may be printed 
by photography. 


_ Moser's Images. M. Ludwig Moser has described at different 
times in " Poggendorff’s Annnlon,” a variety of curious experiments 
in which images were obtained by contact and developed by vapours 
in a similar wny to the images in the process of Dagnorre. ■« Prom 
these experiments lie has drawn certain conclusions, which#re 
generally supposed to bo erroneous. l f or an account of them the 
reader is referred to “ Hunt’s llesoarchos on Light,” pago 248. Mi'. 
Grove, and Professor Volpicelli have also obtained Intent images 
capable of being developed by vapours, by means of contact aided by 
electricity, . The account of these experiments will be found in the 
2nd volume of “ Photographic Notes, edited by the author; 1 This 
subject is one of groat interest, and no doubt intimately connected with 
photography s it is however at present involved iivab much obsemity, 
that wo think it better to refer the rendbrtioiother -sdurces of infer- 
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mation than to occupy spnoc in this work with more than a brief 
notice of it, 

Mounting Prints* This consists in attaching the print, either 
entirely, or by its edges, to a sheet of cardboard, by means of an 
adhesive cement. 

Of all adhesive substances, stnrdi appears to bo the most suitable. 
It should not be made too thick, and after being boiled should be 
strained through a cloth, and used quite fresh, as sour starch would 
bo certain to cause the fading of the print. 

The face of the cardboard is first damped with n moist sponge, to 
cause it to expand in the same degree ns the print when the starch 
is applied to it. If this be not done, the print contracts on drying, 
and draws tlie cardboard out of shape. The print is then laid with 
ita face upon a slab of glass, and the starch spread thinly and evenly 
upon the bnck with a stout hog-liair paint-brush.^ The print is then 
applied carefully to the damp cardboard, and lightly pressed into 
contact, and air bubbles pressed out, with a linen rag. A sheet of 
cardboard is then laid upon it, and the rag rubbed over this pretty 
forcibly in order to ensure the perfect adhesion of the. print to the 
mount in every part. The cardboard upon which the print is mounted 
is then pinned up by one corner to dry, and afterwards placed under 
a book-binder’s press, or a board loaded with weights. 

: French cardboard is mechanically the beat for the purpose, and 
the thicker it is the easier the operation becomes ; but the bluish tint 
of; French onrdboardis very objectionable, as it contrasts disagreeably 
with the tint of most, photographs. Cronm colour is far better ; and 
there is no doubt that cardboards might bo manufactured of a great 
variety of suitable tints, and that the general effect of photogra- 
phic prints yirottld'be greatly improved by being mounted upon Buck 
Stereoscopic subjeots should be mounted upon oardboards nearly if not 
absolutely blacky arid collodion positives on paper cither upon gilt 
or deep purple cardboard. As a general rule a photograph should 
never be contrasted with anything absolutely white, or what ia 
even worse, , of a bluish white like Trench paper. 

Muriatic Aoid. See Hydrochloric acid.” 

Naphtha; Bock Oil. G p Ii 6 , A combustible and volatile 
liquid, resembling oil of turpentine; It occurs naturally, and may 
also be made artificially. As a natural product it exists^ in tho soil 
at Baku, on the north east shore of the Oaspilin, at Amiano in tho 
duchy of Parma, at Zibio in tho duchy of Modena, at Noul’chntol 
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in Switzerland, at Clermont in Prance, at Yal di Noto in Sicily, 
at Trinidad, Bnrbadoes, Itangoon, &e. The naphtha of commerce 
comes mostly from Trinidad. As an artificial product it is obtained 
from the distillation of petroleum, or the coaboil of the gas works. 

The S. G. of Persian Naphtha is about *775, of coni naphtha about 
•82°. 

Naphtha does not congeal at 0° ; it is not soluble in water, but 
communicates a smell and taste to it; it dissolves in absolute 
alcohol, ether, and oils, and is a solvent of the resins, as well ns of 
phosphorus and sulphur in small quantities. It softens and gela- 
tinizes indin rubber, and this glairy varnish is spread upon textile 
fabrics to render them waterproof. 

The boiling point of naphtha is about 320°. It is not acted on 
by potassium and sodium, and is used for preserving those highly 
oxidnble metals from the action of the nil'. 

The naphtha above described is sometimes called mineral naphtha 
to distinguish it from wood alcohol or “ wood naphtha,” which is n 
totally different substance. 

Naphtha may be economically used for burning in spirit lamps. 

Natural Colours. To obtain photographs in the natural 
colours is, of course, a grand problem; but the probability of its 
ever receiving a solution is, in our opinion, very small} amt, so far 
ns wo can see, nothing has yet been done to inspire a hope that it 
may ever be accomplished. The different colours produced upon 
various sensitive tablets by coloured images seem, in every ease, to 
aviso from the different state of decomposition of the sensitive 
material by different degrees of actinic power in the light which do 
not correspond with the different tints of the natural colours. 

In order to produce a photograph in .the natural colours, the 
coloured imago formed in the camera must be received upon a 
tablet so constituted ns that every colour may, whore it nets, produce 
sitoh an effect ns that when the tablet is afterwards exposed to white 
light the same coloured rays may bo omitted at the particular spot 
impressed. To discover the menus of producing such a tablet really 
seems to bo hopeless, although certainly not impossible. 

Wo refer the render to a pamphlet published .by Mr, Thomson, 
(of Messrs, Boss nncl Thomson, Edinburgh) for particulars of various 
experiments which have been made by different persons with the 
view to the discovery of photography in tho natural colours. 

Negative. A photograph in which the lights and shades are 
reversed, and the opposite of those in naturo, is culled a “ negative.” 
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TKc -value of a negative consists in the means it affords ofmultinlv- 

Tke 1 W lVC f' ] r S 1U Whi °! 1 the li $ Us nnd shadc * are true to nature. 
I e best negatives are those which are taken upon glass coated 

ail U V 0,m i y i tVftn T m * lfc and f nictuvcles3 Am of collodion, 
albumen, S,c. ; but ns glass is a costly, heavy, and fragile substance 

negatives are sometimes transferred from glass to a film of guttu 
fi'etjucntly taken upon paper, waxed in order to 
lfc ,™ 01 , e cve, % transparent. For a certain class of bold 
nitistic subjects paper may bo considered suitable. 

./IT” negative processes upon collodion, albumen, paper, 
&.C., aie described under their respective heads. ' ^ 


bv^StJltw AmM0N . U * m h °> N °B' Tlris salt is Obtained 
mtrin nnM S “Q™, _ or carbonate of ammonia, with dUiit 
Wl^’ y,7 0r , ftt ! 1,g nnd crystallizing. At 238° it fuses; a 
860 bods, without decomposition; and at 400° is decomposed int( 
mtious oxide, (laughing gas,) and water. It is slightly deliquescent 
and solub e m rather more than its own weigdit of water and 

sirs weigl,t of ” iooho1 - n is iLh >“* 

Nitrate of ammonia is not a stable salt, for it'nnrts witt nmmoni. 
to fte air, and becomes imtl with free nitric acid When the Mol” 

a^rTr?’ »**»'• ° f -wii « 

loiinea m the mtiate bath, and lienee arises the danger of the 

nmmonln° mi NdrntpVf dl1 ^ ^ ? oi(lj from the escape of the 

2! i'ltf t ammonia is a solvent of oxide of silver ; and 

l|^||SS r Jeohou *° tl10 U9 ° of 1110 " ramtmitt snIts in 


Nitrate Baryta. Ba. O, N0 6 . This salt is formed iv 

r ^- g t "r hVe cni 'We of baryta in dilute nitric nckl 
ovapoiatmg to dryness, redissolving and reorystnllizmg. It is nor 
mnnent, and anhydrous [ soluble in 12 parts of cold, and 4 parts o 

x?, 

allowed to get quite cold before being added to the iron salt, 


Nitrate op OmtiVM. Gd. O, NO, -f 4 HO. This salt f 
deliquescent, and soluble in alcohol. It Linn acid react ion an 
its accumulation in the nitrate bath, when iodide nnd bromide o 
cadmium are used m the iodizing solution, is highly injurious in the 


mwitiyfl process, by destroying the Honsiliveuosa of the film, mid 
iviiilmug the image tliin and metallic, while in the positive bath it 
i» liable to fog the plate, 

, Nitrate or Iuon. There are two nitrates of iron, tho proto- 
mintta, nntUho pernilruto. The prolomtvate is a deoxidizing sub- 
htimws, obtained in solution by mixing solutions of protosulplmto of 
iron and nitride oflmrytu, according to their equivalent proportions. 
.Huh solution is decomposed at a boiling temperature, and becomes 
converting into pernilrtdo of iron by long exposure to air. 

I’rolonitrate of iron is used either alone, or in conjunction with 
protnaulphale of iron, as a developer of collodion positives. It is 
not an energetic developer, and when used alone renders tho whites 
"I the image loo metallic, 

IVrnilrale of iron is a. reddish brown deliquescent substance, 
Holublo in water and alcohol, mid decomposable at a rod heat. 

Nitkatu op Lea ib l?b. 0, N0 8 . A white, anhydrous salt, 
obtained by acting on litharge with hot nitric, acid diluted with 3 
pnrts of water, (tho litharge not being in excess,) evaporating and 
crystallizing. It ia soluble in B parts of water, and insoluble in 
alcohol. 

When nitrate of lead and litharge, in equal weights, are boiled 
together in water, and tho solution filtered and crystallized, whito 
crystals mo formed of subnilrnlo of load, which are nearly insoluble 
in cold water. 

Nitrate, or nub nitrate of lend, added to the negative nitrate bath 
haa been supposed to render tho process more sensitive. Tn the 
positive collodion process a tolerably good developer may bo made 
by substituting nitrate of lead for nitrate of baryta. 

Nitrate. op 'Maonkhta. Tliis salt is deliquescent, soluble in 
an equal weight of wider, hut nearly insoluble m alcohol. It has 
an acid renal, ion, and therefore renders the nitrate hath slightly noid 
when iodide or chloride of magnesium are used in the iodizing 
solution. From its deliquescent properties, solution of nitrate of 
magnesia lms been used ns a means of preserving tho moisture of 
the sensitive collodion Him, but not with much success. 

Nitrate op Potash; Nitre; SAi/mvntn. K0, N0 B . This 
important mdt is obtained in 'India in largo quantities, but in an 
impure form, by lixiviating certain soils i a lid in 'France, and other 
countries, it is obtained from old mortar rubbish, in which organic 
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matter has supplied the nitrogen wherewith to form nilrnto of limn, 
which is then decomposed by carbonate of potass. 

Pure nitre is not rendered turbid, when in solution, either by 
nitrate of silver, or nitrate of baryta. It crystal lix.es in long six 
sided prisms, and is anhydrous, the moisture of the crystals being 
merely interstitial. They arc permanent in the air. Nitre i8 soluble 
in about 4 parts of water at 60. and in equal parts of boiling water, 
but is nearly insoluble in alcohol j it fuses at 000 without decom- 
position, and at a red heat is slowly decomposed mid yields oxygen, 
lib. of nitre giving off about 12,000 cubic inches of gas. 

Fulminating' 'powder is made by mixing 8 parts of nitre, 2 of dry 
carbonate of potass, and 1 of sulphur. If a small quantity of this 
mixture be placed upon a shovel over the /Ire, it first melts and 
blackens, and then explodes with violence. 

Gunpowder is made by mixing 1 part of charcoal, 1 of sulphur, 
and 6 of nitre, all in fine powder. • 

The principal impurities in nitre arc the chlorides of sodium ami 
potassium, sulphate of potass, and nitrate of soda . 

Nitrate of potass added to protosulphate of iron forms a tolerably 
good developer for collodion positives, but nitrate of baryta is bettor, 
because sulphate of baryta is insoluble, and may bo separated from 
the solution, which sulphate of potass cannot. 

Pyroxyline is sometimes made by adding nitrate of potass to 
sulphuric acid, instead of mixing the sulphuric and nitric acids. 
Iheplan is not good, because it is extremely difficult to remove the 
whole of the bisulplmto of potass which is formed from between 
thelibres of thC pyroxyline witlL which it is entangled, 
r .Th^ nitrate of potass formed in the nitrate bath whon iodide of 
potassium, is. used as. an iodissor; is neutral, and appears to bo inurt 
in the process, 


Ag. O, N0 6 -= 170. This is olio of 
the most important salts- at proseut Used in photography, It is 
obtained in its purest form by dissolving pure silver iu puvo nitric 
acid, b ( T . T25, evaporating and crystallizing, and then rcdissolv- 
mg and reorystalhzing, The salt is then neutral to test paper. 
Commercial nitrate of silver is made by dissolving silver coins, or 
silver plate, in nitric acid, evaporating, and crystallizing, washing 
the crystals with nitric acid, and then redisaolving and l'ccryelalliz- 
mg. llie alloy of copper' and other metals is not completely got 

n! nitP,i t n li W T ™ morc i ftl nitoBte 0ilm ' i* sometimes 
SS l ‘i • 16 mra es of P° tn8s > 7lhl0 > &o, Impure 
nitinte of silver is one of the greatest evils with which the plioto- 
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gmjihitr has to contend, and lii« boat remedy is to precipitato tho 
onlorul*; hy adding salt to tin; solution of impure nitmte, thou to 
reduce the chloride, by fusion in n crucible with twice of its weight 
of carbonate of soda, to a button of pure metallic silver, and rc- 
dissolvc ibis in pure nitric arid. 

Nitrate of, silver crystallizes in large, Hat, nearly transparent, four 
or sis: sided tables, It is soluble in about nu equal weight of cold 
water, and in four times its weight of boiling alcohol, but sparingly 
soluble in cold alcohol. It is anhydrous, and may bo fused and 
run inln moulds. It is slightly deliquescent in rnoiat nir. Its 
solution is perfectly colourless ; and neither tho , crystals nor tho 
solution are a (fee led hy light, unless organio matter bo presold. It 
is a powerful caualin, in consequence of its ready decomposition by 
organic, matter; wml therefore highly poisonous, salt being the 
best antidote. 

It Inis been recommended to unci fused nitrate of silver in photo- 
graphy, because all the free nitric add which it may contain is 
driven oil’ bv the heat in tho process of fusion ; but thin is a bad 
[dun when tho nitrate of ailvor is adulterated with nitrate of potass, 
because nitrile of potass is Ural formed by heat, mid this becomes 
oxidized at tho expense of the nitrate of silver, ami forma nitrite of 
ailvor, ci moat injurious substance to introduce into a nitrate bath. 
Fused nitrate of silver ia generally alkaline, probably boenuso some 
oxide i» formed which ia combined with tho nitrate; tho alkalinity 
should ho neutralized with ncolia acid for a negative bath. Fresh 
distilled water should always bo used for dissolving nitvnlo of 
silver, ns pump or river water contain sails which produce a cloudy 
precipitate with it. Ham water collected in louden tanks should 
on no account ho used, as it contains oxide of lend in solution, 
which is very likely to fog tho negative. (*SV« “ London Tanks.”) 
Nitrate of silver may easily bo fused in a porcelain capsule ovor a 
spirit lump. 

If ft piece of copper bo Busponded in a solution of nitrate of silver, 
tho silver is precipitated in beautiful crystals; but a piooo ... of 
polished iron or steel is not acted on. A litUo mercury p.ouvod into 
tho solution occasions tho precipitation of crystals in tho farm of a 
shrub, called the Arbor Ditnuc, 

Nitiiatis or Uiunium. There nro two nitrates . of this metal, 
the prolomti’Mlo, UQ, NO„ and tho penulra.tp,. ok nitrate of tho 
aencpdnxide, U 8 O fl , NO B *f O HO. Tho Jailor is. the common, 
crystallized salt,, abtniuqtl by dissolving any of tijp: oxides of uranium 
in nitric acid. It forms yellow prisma, \yldolritro^|llpro9cont, and fuse 


in their water of crystallization, It is very soluble in water, alcohol, 
and ctlier. By exposure to light it is reduced to the protonitrate. 

Nitrate op Zinc, A deliquescent salt, having an acid reaction. 
It has been used as a means of preserving fclio moisture of sensitive 
collodion plates, but the plan does not seem to answer. 

Nitrate Bath. Many of the failures in photographic opera- 
tions, particularly in the negative collodion process, may ho traced 
to the nitrate bath being out of order. 

1st. It may not bo of the right strength. Test it with the silver 
meter {g. i>.), and add either water or nitrate of silver, ns the case 
may require. 

2nd. It may he alkaline to test paper. To a negative bath add 
acetic acid, a drop or two at a time, until acidity is established. 
To a positive bath add nitric acid, The bath becomes alkaline in 
consetpience of the introduction of carbonate of potass, an impurity 
contained in iodide of potassium. An alkaline bath fogs the pinto, 
aiul gives a very dense picture. 

3rd. It may be too acid. This diminishes the sensitiveness of 
the film, and in the ease of acidity from nitric acid produces grey 
metallic negatives devoid of density, and brings about by groat 
over-exposure the reverse action of light. In the coso of n great 
excess of noetic acid, the negatives arc all black and white, urn! 
devoid of half-tone. Acidity keeps the lights clean and transparent. 
It is brought about either by the fermentation of the ether nml 
alcohol which are continually added to lire bath, or by the accu- 
mulation of an acid salt, such as nitrate of cadmium. The remedy 
for excess of nitric or acetic acid is carbonate of soda. Add a 
solution of this, a few drops at a time, until the bath is rendered 
alkaline, then acidify slightly with ncctio acid, and filler. 'J’lio 
addition of carbonate of soda produces a yellow turbidity, duo to 
carbonate of silver; when acetic acid is added ncclnlo of silver is 
formed, and carbonic acid liberated; the ncclnlo of silver is, for llm 
most part, dissolved in the nitrate bath, Iho remainder is removed 
by filtering. The shaking of the bath in travelling frequently 
renders it acid by causing the fermentation of tho organic matter. 

4th. The picture may be fogged all ovor, and yet bo thin and 
grey, and the bath acid. This slate of things is not so easily 
explained, nor is it easy to suggest a certain remedy. A plan which 
frequently answers is to add nitric acid, .and let tho bath stand for a 
day or two, then to neutralize with carbonate of soda, and acidify 
slightly with acetic acid. 
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Sometimes a bath in this state is cured by exposing it for a day 
or two to sunshine, and thus throwing down a deposit of silver one! 
organic matter, 

. Another plan is to add a solution of carbonate of soda to tlio 
nitrate bath until the whole of the silver is thrown down ns yellow 
carbonate of silver. Thi» should be allowed to settle and the clear 
nquid poured oil'. Tim carbonate should then bo well washed in 
several waters, dried, and roasted in a crucible 5 after which it may 
00 dissolved in nitric acid, which liberates the carbonic acid and 

produces nil rate of silver j- or if the presence of lead bo suspected, 

noetic acid may be added, which forms insoluble acetate of silver and 
soluble acetate of load ; the acetate of silver must then be well washed 
mid lastly dissolved in nitric acid, and the nitrate of silver solution 
evaporated and crystallized. 

Or, instead ol 1 throwing down tlio silver as a carbonate, it 
may bo precipitated 'na mi oxide, by adding solution of emistio 
potass. Tlio oxide should then bo treated in tlio sumo way as tlio 
carbonate. , $ 

Tim aclvnntago of cither of tho above methods is that it separates 
the silver from tlio excess of nitrates which may have accumulated 
in Urn bath. 

BoinoUniflS a bath may bo cured by simply evaporating, crystal- 
lizing, find rediasolving tlio nilvato of silver in pure distilled water. 

Nitric acid is an infallible remedy for nitrite of silver in a bath, 

A nitrate bath is frequently put out of order by dirty plates being 
immersed in it. 

Ammonia should never bo added to tho mtrntobnth for negatives. 
k fixed alkali is far belter. 

Nitiiio Aom. N0 6 kb84 ; or in its hydrated stato, NO fi HO, 

Nitric acid may bo obtained by passing electric sparks through a 
mixture of 7 volumes of oxygen mid B of nitrogen. Hence tho 
explanation of the occurrence of nitric acid in rain water dul'ipg 
thunder storms, Tlio commercial red fuming nitric acid is manu- 
factured by distilling two parts of nitrate of potuss with . ono of 
sulphuric acid ; 1 1211 ) 8 . of nil re and Bflllm. of sulphuric aoid yield- 
ing about 50lba. of nitric acid 5 Urn proportions admit, however, of 
variation. Tlio red colour and fumes nro duo to poroxido of 
nitrogen. 

Nitric add bus been obtained in an anhydrous stato by a compli- 
cated process. It is a wliito solid. Tlio liquid noid, in its more 
eoneontrnted form, has a njwoiilo gravitv 3 '5, and consists of 1 
equivalent of anhydrous nilrio acid mid l|r of wntor. 

x 
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Concentrated nitric acid does not act on copper, tin, or silver, 
without the addition of water, which is decomposed and oxygen 
furnished to the metal. When the metal is oxidized the nitric acid 
converts the oxide into a nitrate. 

Nitric acid is a powerful oxidizing substance, and acts energetic- 
ally upon orgnnio matter j also upon phosphorus,- sulphur, and carbon 
with the aid of heat. 

All the salts of nitric acid are soluble in water, and most of them 
are neutral. They ore, in general, decomposed by sulphuric acid 
aided by a gentle heat. There are no double nitrates, lior any 
nitrates with excess of acid. The principal impurity in nitric acid 
is sulplmrio acid. 

Nitrite of Silver. Ag.O, NO,=;154, This salt is obtained 
by fusing together equal parts of nitrate of potass and nitrate of 
silver. _ Oxygen is driven off from tl\o former, which is converted 
into nitrite, and this again acquires oxygen by converting the nitrate 
of silver into nitrite. .By dissolving the mixtuvo in a small quantity 
of boiling water the nitrite crystallizes out on cooling. The crystals 
are long slender needles, soluble in 120 parts of water at 00°. This 
salt is easily decomposed by a strong acid. When progont in a 
nitrate bath it fogs the picture. 

N itji o -dl ydii o o ii lo me Acid ; Acjua-Begja, A mixture of two 
pints of hydrochloric acid, and one part of nitric acid. This mixture 
dissolves gold, hence its name. Common salt added to nitric acid, 
or nitre to hydrochloric acid, have the same property. Tho rationale 
of tho process appears to be, that nitric acid plus hydrochloric acid 
' produces chlorine, nitrous acid, and wator. The chlorine dissolves 
the gold. 

Nitrous Aoid, ,- NOj, This acid is by some chemists called 
hponitrous ; acif^l;||t|i8 npt easily isolated. It forms salts called 
nitrites, none of whioh'have any interest in photography cxcopt tho 
nitrite of silver; q.v. 

Nitrogen. N=U. An elemontnry gns. It is obtained by 
burning phosphorus in a closed vessel containing air, and passing 
the gas through lime water ; or by agitating a liquid amalgam of 
lend and mercury with air in a closed vessel for two or three hours, 
wlton the lend abstracts the oxygon. -It has neither smell nor tnstOj ■ 
nor any action upon vegetable colours j nor is it. a 'supporter of' 
combustion. Atmospheric air contains principally 1 atom of. oxygon 



to 3 of nitrogen, in a state of mixture, not combination. Nitrogen 
is n little lighter than air. 

Nitkogisn, Oxides of. There are 5 oxides of nitrogen, viz: — • 
Nitrous oxide, (laughing gas) . . , NO 

Nitric oxide, (binoxide of nitrogen) , . N0 3 
Nitrons acid . . . . , , N0 3 

Peroxide of nitrogen NO, t 

Nitric acid NO c 

Nituogen, Peuoxide op. NO, t . When two volumes of binoxide 
of nitrogen (N0 2 ) are mixed with one of oxygen, in an exhausted 
vessel, they combine with the evolution of heat, and form vapour of 
peroxide of nitrogen. This condenses into a liquid at 0°, and crys- 
tallizes nfc a lower temperature. The liquid is pale yellow at 33°, 
mul deep orange at 80° j it boils at 82°; and when exposed to the 
air at common temperatures evaporates in yellow fumes. It is . 
produced in nitric acid by exposure to light. 

Tho vapour of peroxide of nitrogen is composed of 1 volume 
of nitrogen and 3 volumes of oxygen, condensed into one volume, 
i • 

Nitho- Glucose. . This substance is made by acting on finely 

K owdorcd cane sugar with uitrosulphuvio acid; tho proportions 
eing 3 ounces sulphuric nckl, 1 ounce nitric acid, 1 ounce cane 
sugar. The pasty mass at first formed is stirred for some minutes, 
and it then separates from the liquid in lumps. ‘When these are 
kneaded in warm water until fclie acidity is removed, they acquire n 
white and silky lustre. 

This organic substance, when added in very small quantity to 
collodion, increases the density of tho negative, and renders the film 
less sensitive to light. 

Noble Metals. Gold, platinum, silver, and a few other metals, 
nro called “ noble metals,” on account of (heir feeble iilHmty for 
oxygen, for they may remain in fusion lor many hours in contact 
with air without, becoming oxidized. 

Non-ukv fusing Slide. This is a camera slide, so contrived 
that ooUodionizcd glass plates may be exposed in it with tho back 
of the pluto next to the lens, and tho film next to the back shutter. 
The best plan is to make an ordinary slide (loop enough to bold 
two glass plates, with a space at least equal to the thickness of a 
plate between them j a glass plate is thou to have a small triangular 
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piece of glass cemented to each corner tho collodionized pinto ia 
laid, film upwards, in the slide, and tho other pinto laid with tho 
corners upon it ; the back shutter is thou closed with its spring 
pressing against the upper plate. 

A non-reversing . slide should always bo employed for Inking 
collodion positives, and also for negatives when tho prints nro in- 
tended to he viewed .in the reflecting' stereoscope. 

Normal. .The normal to a. surface at any point, is tho straight 
line perpendicular to the tangent plane at that point. 


Object Glass. In a telescope, or mioroseopo, tho glass placed 
next to the object to be viewed is called tho “ Object glass.” Tho 
arrangement of lenses at tho opposite end of the instrument, through 
which the spectator looks, is called tho “ Eyo Piece.” Tho glass 
next to the eyo is called tho "Eyo Glass and that next tho object 
glass the " Field Glass.” 

In an astronomical telescope, or compound microscope, there urn 
only these three lenses. 


Oils. Oils are divided into two great classes, viz., Fixed, mid 
Volatile, (or essential.) ■ 

The Fixed oils are distributed largely through tho animat mid 
vegetable kingdoms. _ In the former the fatty matter is enclosed, in 
membraneous cells existing in various parts of the body of tho ani- 
mal,}, itt ,the .latter they are obtained by expression from fclio scad, 
kernel; root, /bark, and other parts of plants. Fatly substances may 
be ow|^i|ed under the heads of Stearine and Oleine, tho former solid 
a hot, the latter %/««! nfc ordinary .temperatures. They 

may; ho. ag(Un. classified: according to their property either of drmuff, or 
becoming by exposure to air and light. Most oils, whether 
axed or- yolatile;|il)sorb large quantities of oxygen by exposuvo to 
an- and light the case, .of drying oils tlm effect produced is tho 
formation of a skm or. resinous varnish j— in tho other enso tho oil in 
decomposed and becomes rancid and . noid. Drying oils nro muelp 
used m paints and varnishes. See ^ j|yying Oils.” 

Volatile oils are contained principally m various parts of odoii- 

f^S'-Thevate obfepwliiv general by diatiL 

and l eavea > &ot;Mttri:iater |: :aM-''sometitno.s with salt 

ao over rnU. S "T ^ , Th ° Volfttil ° oil *" d 

go ovei togethei, and when condensed m tho receiver, the oil in most 

cases separates and floats upon tho surface of tho w^ i 3 

quantity is also dissolved in the water, to which it communicates its 
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peculiar smell. Hose water is an instance of tins, A drop of fixed 
oil leaves n permanent stain upon paper, a drop of volatile oil does 
not. \ olntilc mis are mostly soluble in alcohol, fixed oils are not : 
inlh kinds arc, however, freely soluble in ether. When water is added 
to a mixture of a volatile oil and alcohol it renders it turbid. The 
odoriferous spirits called “ Lavender water,” “ Eau de Cologne,” 
“Eau do jasmine,” ho. are solutions of a volatile oil in alcohol. 
\ olalilo oils combi no with acetic and oxalic acid 5 but with thccxcep- 
tion of oil of cloves, they do not, combino witludkalies to form soaps, 
.they dissolve all tins fat oils and the resins. 

Oils are supposed to bo compounds of an organic acid with gly- 
cerine as a base. When an alkali is added to the fixed oils, at a 
boiling temperature, the glycerine is displaced and the new compound 
formed in soap. Oils contain a largo quantity of hydrogen. Fixed 
oils are bland and mild to tho taste, volatile oils acrid and nauseous. 

, Has, ^2 Ha* This gaseous hydrocarbon is obtained 

by distilling 8 parts or sulphuric acid and one of alcohol It may 
bo collected over water. It is difficult to purify it from all traces of 
etiior, though when pure it is inodorous. Water absorbs one eighth 
of its volume of olefiant gas, and other and alcohol twice their volume. 
Sulphuric other frequently contains a trace of olefiant gas, It is 
combustible, and consumes three volumes of oxygon, producing 
carbonic acid and water, 

Optical Centre. Every single Ions lias a certain point culled 
its optical centre j no such point, however, exists in tho case of an 
achromatic lens, or combination of lenses. This should bo distinctly 
understood, because ignorant persons frequently commit the blunder 
of speaking of tho optical centre of' a combination of lenses. 

Confining our remarks, therefore, to tho enso of the single lens, 

If a ray of light, incident nt any degree of obliquity upon a single 
lens, strikes it at snob a spot as that tho direction of the refracted 
my within tho glass, produced if necessary, passes through a cort|iifr 
point in tho axis of the lens called the optical centre, the direction 
of tho my after emergence will bo parallol to that at incidence. 1 

This effect is brought about by the following circumstan'co i— 

A my of light after refraction through a plate proceeds in n direc- 
tion parallol Jto that which it had before. Now if the course' of the 
ray within tho glass when produced prisscsd'tlirOugh . the point? 
called the optical centre, and we draw a itiingopt tQ v t]ipantevior 
surface of the lens at tho point of incSldori'oodf the%riy, and" another 
tangent to the posterior surface ofthoIculVni^thG point of emergence 
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of the ray, we shall find that these two tangents are parallel, so that 
the lens for that particular ray may he considered as a plate, aiul 
the ray does not suffer deviation by being- refracted through the lens, 
but merely, displacement. 

The position of the. optical centre is constant, and independent of 
“ l0 ^ obliquity of the incident ray ; so that in any whole pencil, no 
matter wlint its obliquity may be, which is incident upon the front 
surface of a Ions, there is, provided that surface be large enough , a 
particular rny, and only one , the direction of which after refraction 
passes through the optical centre. 

The optical centre of a single lens is found thus : — 

Y r ^ ^he I'ndiiis of the front surface of ft lens, s the radius of the 
back surface, midtfthc thickness of tho lens, then the distance of 
the optical centre, measured along- the axis of the Ions from the centre 

of the face of the front surface, is equal to— — - 

s — r 


Phe optical centre of a double convex lens is within the glass 5 — of 
a plano-convex. lens it is at the centre of the face of the hack surface ; — • 
and of a meniscus lens it is without the glass and behind it. By 
giving to r and s the proper algebraical sign, and n given magnitude), 
^l-tion optical centre of any singlo lens may bo readily 1 

The use of the optical centre will bo understood by referring 
to the figure on page 1 . The focus, or circle of least confusion, of 
m .P e ‘ lcl[ H A J 3 . la somewhere in tho neighbourhood of e. Now the 
pptica! centre of the lens being within the glass the ray QOc passes 
tnvoqg^r^t, a n{l ™ay be considered as very approximately a straight 
T W0 d W .^linc, and set off Co equal to the focal 
length ot tfie lens, we fm.d the point 0 very approximately, and without 
laborious investigation of tho bent pencil QB?. 

1 m i 'j^PSore.-AB^v'ere an aohromatio. lens, tho point 0 would 
be found approximately by considering tho lens as single, or homo- 
geneous, and of tho same external form. 

In the enso of a combination of lenses, this mode of proceeding 

® “J®" - y Jm,ks d ?^ n - ^ combination can neither liavc an optical 
cenue, nor any point at all analogous to it, 

1,1 >™ w "g flint glass for optical purposes tlio 

El n o , ?l "'.’i r° 1S '- t0 prevo " t ,ho lcnd tem dihiibutlng 

itsell unequally, and thus forming stria or waves, from the load 

naturally gravitating to the bottom of tho pot. Various plans 

havo bcon adopted which need not be described in this place. Tho 


most celebrated optical glass is that manufactured by M. Guinand, 
of 13 rennets, near Geneva. Ilis process is n secret. The analysis of 
Guinand’ s dense flint optical glass, S. G. 3 'QIC, yields oxide of lead 
4S'05 per cent., silica 44*3 per cent., and potass 11*75. The best 
German optical glass is made with 7 parts pure red lead, 3 parts 
flnely ground quartz, and 2 parts calcined borax. 

Organic Matter. The effects of organic matter in the various 
photographic processes are described in the article on the chemistry 
of photography, and also in the particular accounts of these pro- 
cesses. 

The general effect of organic matter in combination with the re- 
duced silver of the photographic image is to increase the density of 
the imago when viewed by transmitted light, to redden the colour, 
to add surface vigour to positive prints, to diminish the chances of 
permanence of the photograph, and to reduce the Sensitiveness of the 
oxcited plate or paper to light. 

Orpiment, As. S 3 . Yellow sulphide of arsenic. Ammonincal 
solution of orpiment is sometimes used as a dye. Orpiincnt is the 
basis of the pigment called “ King’s Yellow” 

Orthographic Projection. This is a mode of representing an 
object in perspective, when the eye is supposed to be at an infinite 
distance, so that the visual rays from the different points of the ob- 
ject are parallel instead of converging to a point at a finite distance, 
as in common perspective. • See “ Perspective.” 

Ortiiosoopio Lens. See " Lens,” 

Oxalate op. Iron. The peroxalato of iron is on important salt 
in photography, as its solution affords the means of measuring the 
intensity of actinic power, by observing how much of it is decomposed 
in a given time, tho effect of light being to reduce the salt to ivprot- 
oxalate, which is deposited, (with the evolution of carbonic noicl,) in 
quantities which are found to bo proportional to the intensity of the 
light and the time of its action. 

Peroxalato of iron is made by decomposing tho perohloride of iron 
with oxnlnto of potass. It is thrown down ns a difficultly soluble 
yellow powder, which is taken up by excess of oxalic acid. 

Oxalate op Potass. K 0, C 2 0 8 +I'I 0, This salt is formed 
by accurately saturating a solution of carbonate of potass by oxalic 




jrkI; It is soluble in rather less than 8 parts of water at 00° : and 
is slightly deliquescent, 

fmwrufJfi f i SlLVERt ., A *?> A<V °*®Ho acid is sometimes 
ioi mod by the decomposition of collodion, and in this wav oxalate of 
silver is produced nr the nitrate Mi. It is n white powder, insolu- 
hle in w„tor hut soiuble in nitric acid i it blackens ty exposure to 
light , and forms a double salt with oxalate of potassa. 

f lifP XA f IG 4 C 'P ' °3 °a + H 0. This poisonous acid is found in tho 
ihllcicnt varieties of son-el, in combination with lime or potass. It is 
readily obtained by acting- on sugar with nitrio acid. The crystals nro 
intensely sour, and so muehresemble those of Epsom salts that persons 
have been poisoned by mistaking the former for the latter. Thov 
arc soluble m IB parts of water at 60°, in 0 at (SO 0 , and fuse in their 
own water of crystallization at 212° ; in alcohol they are loss soluble 
than m water, and in ether still less than in alcohol. 

coldniul pnvb chlor “ le of g° kl > fc l»™ down metallic 

gold, and carbonic acid passes off. 

m'bnek^ 111 ^ ° f ° Xnlic ncid for bft9es is ^out equal to that of sulph- 

. Gx f. GEN * °,f 8 - (Greek o^vc sharp, ytvmv to produce.) An 

fel ! 7 '! 83 ’ S? Mme of Y luohi3 derivC(l from its property of pro- 
ducing acids. 1 he atmosphere contains about onc-fifth part, by 

rZ'Zwrr'r *^r ixtxmr > mui 

by might, in combination with hydrogen. 

Oxygen is the punt supporter of life and combustion. Animals, 

cxoMte 1 " 1 f " 7 '5 ■ ‘I 1 " nir flntl ret »™ “Aouic acid in ■ 
uhsoA m e8 'i' ? "7' v he aMm °f U » U u,c li "V lime, 

tabled. b “ l,0Kl a,lil toUlrn "W 1 : i'™co tho balance is main- 

Oxygcn is rather heuvier than nir, nnil when pure is Inslclcss 
colourless, nm inodorous. Its ohief use to the photographer^ iffor 
ofloiding a brilliant light for exliibiting photographic magic lantern 
shrte, 01 . when a powerfully aotinie artificial li|u reoZ 1 i 
o his operations. (See the following article.) The readio V no a 
of obtaining oxygen for this purpose is as follows — 

of PoSs P nn,Tl 0 'lf 1 ’J‘n il '! “ of 3 P»rts of ohlorato 

' m<l00t (thoroughly well 

im\c(i togethci,) is placed upon a common fire. In a slini-l Hum 

attnche<fto Uio^oS'r f ? ?°T yC( ! b y india-rubber tube 
attached to the nozzle of tho retort into a bottle of water, culled tho 



purifier, which may stand upon the ground. After passing through 
the water, which cools and purifies it, the gas passes along another 
india-rubber tube into a large wedge shaped india-rubber bag, which 
is capable of containing sufficient gas for nn evening’s entertainment. 
This bag may be fdled in about half nn hour, from half a pound, or 
less, of the mixed manganese and chlorate. When required for use 
the gas bag, filled with oxygen, is placed upon the ground between 
two boards hinged together, and upon the upper one weights are laid 
sufficient to force the gas out nt the required rate, along a tube, either 
to the spirit lamp of the oxycnlciuin light apparatus, or to the point 
where it unites with the hydrogen jet of the Unde light, 

Perfectly pure oxygen is obtained from chlorate of potass alone, 
and collected over mercury after having been passed through a tube 
containing fused chloride of calcium. 

Oxyoalcium Light. This brilliant white light is produced by 
passing a jet of oxygen into the flame of a spirit lamp, and direct- 
ing the flame upon a small ball or cylinder of lime. (See Pig. 6, 
page G8.) 

Oxymui/. A syrup made by mixing honey and vinegar in the 
proportions of 1 part by weight of distilled vinegar to 2 parts by 
weight of purified honey. Evnporntc the mixture nt 170°, to the 
consistence of syrup, and strain. Keep it in a cool place. It should 
bo dear, and of a yellowish brown colour, 

Oxymel-Piiocbss. See “Preservative Processes.” 

Ozone. Supposed to bo an allotropic form of oxygen, or 
oxygen in a peculiarly active state, Some chemists suppose it to 
bo n peroxide of hydrogen, which seems more probable. 

“ Ozone is formed when electricity is discharged into the air, 
when water is decomposed, and when phosphorus is allowed to act 
on moist air at ordinary temperatures. It is best prepared by 
putting a short stick of phosphorus, well scraped, into a two-quart 
bottle, with os much water at the bottom as will half cover the 
phosphorus. The mouth of the bottle should then be slightly closed 
and the bottle set aside. A column of thin smoke will almost 
instantly begin to aviso from the phosphorus, which is luminous in 
tho dark. Ozone may almost immediately bo detected if a piece of 
paper steeped with iodide of potassium and starch bo put into tho 
bottle, tho starch becoming blue. When air much charged with 
ozone is ’ inspired, it becomes highly poisonous,. Small animals put 
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into it die ; and it nets ns a powerful irritant to tlio air passages. 
As ozone, a colourless gas, is chiefly recognized by this properly, 
it has led to some curious speculations, illy many, its presence, 
in excess or diminution, is supposed to bo capable of explaining; 
many conditions of the air which produce disease. Its smell j« 
precisely similar to what is produced when a powerful electro* 
pneumatic machine lias been long worked, and it is said that tin* 
operators in such cases experience symptoms not dissimilar to those 
of influenza.” — Glover's Chemistry, 

Panoramic Camera. This is a form of Camera invented by 
the author, in which pictures mny be taken upon one flat plain, 
including an angle of 90°, or more if required, without introducing 
the defects due to oblique pencils, suofi us distortion, indistinct- 
ness, &c. 

' Tiie following figure will, it is hoped, bo intelligible with a fow 
words of explanation. 
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strong and stout, one nt the top, the other nt the bottom of it. The 
dark slide always presses against these hoops. They are circular 
arcs, the centres of which arc in the axis of rotation of the tube. 
Tho ends of the dark slide arc furnished with wheels, which, ns the 
slide is moved round, travel in grooves nt the bottom of tho camera, 
shown by tho dotted lines. These dotted curves are cvolutes of the 
lower circular hoop. Tho top of tho lens tube is continued till it 
passes over the top of tho upper hoop, nnd tho bottom of the lens 
tube is continued till it passes under the bottom of tlie lower hoop, 
the dark slido is then placed between these projecting ends of the 
lens tube. A piece of wood lined with velvet is screwed to these 
ends, nnd, by pressing against tlie back of tlie dark slide, keeps it 
in its place against the hoops. 

It is evident now, that ns tlie lens-tube is turned about its axis, 
and directed in succession towards tlie different objects within the 
field of view, the dark slide moves with it, nnd is always pressed 
against the hoops, thus bringing tlie proper part of the sensitive pinto 
opposite to the Ions, — the velvet-lined piece of wood sliding at the 
samo time against the back of the slide, and the wheels travelling' 
along the ovolutes. 

The sides of the lens-tube are furnished with folding doors, so ns 
to diminish, at pleasure, the width of tho vertical band of picture 
exposed at any momefit 5 and its rotatory motion may he regulated 
by moans of a rack nnd pinion on the top of the camera. The 
shutter of tho dark slide maybe withdrawn, and inserted again, 
either through a slit in the camera at A, or 31, The mode of doing 
this may be left to tlie ingenuity of tho reader. 

Tho noenrnoy with which this novel instrument will do its work 
will depend upon the accuracy of its construction. Tho optical 
principles involve no difficulty, mul the theory of the instrument is 
quite correct. All parts of tho picture will bo equally sharp, nnd 
vertical lines will not be bent out of the perpendicular. Tho per- 
spective of the picture will, however, ho “ pnnorninio,” and not 
“ plane,” so that the horizontal lines of objects will vnpish in curved 
and not in straight lines, If this ho thought an objection, the 
pictuvo may either bo mounted upon a bent cardboard, or bent 
round a glass cylinder, nnd viewed in a diaphanoscope, with the 
oye in tho centre of tho cylinder. Waxed paper prints, viewed in' 
tliis way, would probably bo liner than anything that has yet been 
seen in photography. 

The panoramic camera will no doubt be found a valuable instru- 
ment for taking skies. 
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wnZr W • Ud C ! d u t0 pleccs > fc,ien dusted in a machine, and 
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and ia theu " bleached/* generally 
lime £Snffi • C , r e ° f e * one or tw o Pounds of chloride of 

“half S’* 1 ‘ a CWt i ° finc . M 8 8 - T1,is is ft dded to the 

an hour nv * f engine and the mixture is benton together for 

rim oft > frash water con- 

of the Civile to " ,i„ B Stiff •> '" a ,)y tllC 001l ‘ im,otl adU >" 

aclfeTbut 1 ' 1 colouring matter oro'now 

SlmlSlf? I ‘H mm * }* m nfter operation performed 

^ ?C l 8 !f tS ( ° f £ ap6r in ifcs bibulous state, 'The stuff 
is now nin oft into the “ stuff chest ” or vat. 

Hand-made paper is made ns follows 

lwo men, one called the “ vat-man,” the other tho “ couchcr ” 

“ hW lce n ”bS2 S il e9 ° f ‘IS Vnt ’ Which is covcrc(l with a board or 
feet deen vd h dS# 2* i lhe “ nboui fivo *»t «1 umo. and four 
is thcn P dih,tnrl ZVi S 8,de8 ' nnd nm<lc of wood or stone. Tl.o stuff 
wah V nd contim.olly stirred. Tho 
man takes m his- hands a mould, which is the anse of the sheet 
of paper to he made. This mould is a frame of wood haS 

nf»m < 01 M bn18 Z n i mng . ao,oss ’ i ab °ut an inch and a half apart and 

SeS 2r S omcHm 1 ' 6 ^ the ^ beill S frotn M** to twenty 
P. 1 \ e, ‘ I 01 sometimes a wove mould is used, covered with fine 

M-ire clotii. On the mould a «. deckel,” or moveable X S me a 

US Tlm° ST* t ie . Ct i? es f tlie P a P ei ’ from being rough. 8 

The vat-man puts the deckel aijion the luoulci and dins it in n 
verbea! position to about half its depth in the stuff, then turns it 
into a horizontal portion so ns to cover it with the stuff, and gives it 



a peculiar kind of shake, which distributes the stuff evenly upon 
the mould. The mould must bo held perfectly level during this 
operation, or the sheet will bo thicker at one end than the other. 
The mould is then pushed across the bridge to the “couchcr,” who, 
after draining off the water, lays tho surface of the pulp upon a piece 
of felt, to which it adheres, and then returns the mould to tho 
vat-man. This piece of felt, with what wo may now call the sheet 
of paper adhering to it, is laid with other similar pieces in a pile, 
which, therefore, consists of alternate layers of paper and felt. The 
pile, consisting of six or night quires, is put, and remains for some 
timo, under a pressure of about 100 tons, to squeeze out all the 
water, and the sheets of paper are then removed, pressed again 
without tho felts, and hung across a hair lino to dry, in the drying- 
room. 

In this state the paper is bibulous, or blotting-paper, and the 
next operation is to size it. 

English papers are in general sized with a mixture of gelatine 
and alum, to which sometimes, dour, resin, and yellow soap are 
added. French papers are sized with a less soluble size, consisting 
for the most part of starch, with a little potass.* 

Tho sheets of bibulous paper are placed, one at a time, in a 
vertical position in the tub of size, and pressed into close contact, 
After a time tho papers are taken out, scraped, and pressed to 
remove the superfluous size, then parted, and pressed again, and 
nftorwnrds hung up to dry, a process .which occupies two or three 
days, and must not be done too quickly. The paper is then pressed 
again. 

The paper has now to be glazed or hot-pressed. This is.dono by 


* With rospeot to tho Bizing of French papers. Tho following roolpo was given 
somo years ago by Uio Sootot 6 d'Encouragoinont of Paris 
100 kilogrammes of dry papor stuff, 

12 „ BUiroli, 

1 „ rosin, previously dissolved in 800 kilogrammes of 

carbonate of soda, 


18 pails of water. 

This slsso evidently vendors tho papor alkallno. 

Tho following formula is given hy M. Umeoimot, in tho “ Annrdcs do Cliitnio," 
Vol. 28 1— . ..... 

“To 100 parts of dry stuff, properly dimmed through wntor, add a boiling uniform 
solution of S parts flour, with as inuoh cnustlo potass as will romlor tho liquid dlear. 
Add to It 1 part of white soap previously dissolved in liot water. At tho somo tlmo, 
lioab half a part of rosin with tho roqulsllo ciuiuiUty of woftk potass lyo for dissolving 
tho rosin, mix both solutions together, nnrt pour into thorn 1 part of alum dissolved in 
a Hltlo wator. 

This slzo also rondors the papor alkaline. Aliim lias ati acid motion, and there- 
fore UngllBh papor shod with alum and golftUno ls tiold ond uot alkoUno. 
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of teST* n’\ - h ? i ll T V - 1S i P' essed nlso occasioils inequalities 
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iiom pnpu which is to be used m photography. The lirnctice 

Seffnlm ^ ? l,e 7 h P? lfCMnakers of oolSuilng their papu with 
5, 1 S , JJj unftn “»-(««lphide of sodium,) is also liigiil/oijoction- 
S?^£ 1 “ toj i :i ¥ ho ^ Ep0li *, ,1 i“ fll as re 6 ards the appearance of 
lltnlLTl 1 - C } the _ probability that the introduction of an 
rikabrie sulphide into it might assist the process of fading of positive ' 

^ tillg P03itivcs in cai'hon 'ever come 
' mnSSf 1 ’ (wl ' 1 ?! 1 lfc . 18 tolerably certain that it will,) the 

Ss ^ now g m papo1 ’ for positives wiU bo of ^ 

Tapee, iNuffA: on China. Inctia-pnpor, or Chincso paper is 

Sate' tl,G flTat pr ° o1 ' 3 u P«m from Urn 

S ^ a : a ^: 8 % of a beautiful buff colour; and made of 

are .Unrated, ground, and 
mats and tk? nn ’ 18 set , P t ei ‘ mcnt in a lieap covered with 

Sndcrs fr tfff f 18 tlmn made from it. The length, of the fibres 
best Eumncnn nnni 1 Pt %V-° r Iccm } n 8 copperplate proofs than the 
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on tlio othei ^ the mniks of. a brush which is Used, in the iinisliimr 

process. It is made in sheets long.and. ft, broad When 

Esl.”t Kir attach tho 

? n Wuoli plnte. pflper, the mere pressure 
SSL <7. T “) lindera m the .operation of drawing-' tlio in'oof 
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ughkisi-I^ See “ Artificial parchment.’* 

STB, WQ H together Hour and a little cold water 5 then 

9 much i** ore coltl wator ns is necessary to make the paste of 
insistent* 3 A'^RHiX'ed • then hoil the mixture, stirring it well all 
imo; stmiiv it through muslin. Starch is better than 

for mounting photographs. Sometimes powdered resin is 
l with pttsbe to ^tvo it body, and corrosive sublimate added to 
it keep * I’ 1 Mi© latter case it is highly poisonous, and should 

0 left aljovtl carelessly. 

NiniMTS-t. ^ pendulum suspended in the portrait room may 
ed with ml vantage for measuring time by seconds. The pcndul- 
vliioh l>c?nta seconds, that is, which oscillates in a second of 
(npproxiTnntolyX whatever be the angle of oscillation, is exactly 
,ro in ..lengjfcli) m these latitudes. A metre is nearly 40 inches, 
on, a 4aO > nc ' L pendulum, hanging against the wall of the port- 
00 m bo sot swinging before removing- tlio cap from the lens, the 
tor, by counting its vibrations, may regulate the time of ex- 
■q as ft c ourntely la s if lie consulted a watch. A clock having . 
uiulual it metre in length would bo a useful addilym to the 
ait room. 

susveotxvh. There are two kinds of perspective delineation 
whioli tlio photographer is concerned, m., “Plane,” and 
noramic IPerepectivc,” 

piano perspective, objects are represented upon a vertical plane 
d between them and the spectator. Straight lines, called 
uni ray#*** «r© supposed to be drawn from the various angular 
,8 A, lb, O, &e., of the objects, to the eye, and where those linos 
irate tlio vertical plane, or “plane of tlm picture,” ns it is called, 
orrespon cling points «, A c, &c., through which, if the figure be 
doted, it is the plane perspective representation of the objects 
on IVoitl tlio point occupied by the oyo (not eyes) of the spectator, 
iriling iijifco this definition a plane perspective view is nothing 

1 than a plane section of the system of pyramids. of which the 
d rays arc tlio edges and tlio oyo tlio common; vertex,- the eye 
g considered tv mathematical point. 'The rules, of perspective, 
iforn, merely relate to the cutting. of pyramids by a plane, and 
purely ^ooinefcvical, not referring- in any way to. the structure of 
.iyo, or tlio image formed upon the retinal ei-ithcd-ules of optics, 
.puclivo is nothing more than avorjfeiS.implo probloin in solid 
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geometry, and it is marvellous to find that so littlo is accurately 
known of it by artists, and that so many elaborate and expensive 
works should have been written about it, when in fact fcho whole 
thing lies in a nut-shell, as we shall now show j not however 
without calling on the reader for his patient attention, and careful 
study of our remarks. 


Let us first suppose the object to be represented to bo an infinite 
straight line, making an angle, <p, with the plane of tho picture, nnd 
meeting it in the point A. Then, in order to draw the pcrsneolivo 
view of this line upon the plane of tiro picture, it is evident that we 
should require to join the point A with somo other point X. The 
question becomes how to find this point X, If it were possible to 
draw a visual ray from the eye to the end of an infinite straight lino, 
the point where that visual ray would cut fcho piano of the picture 
would he the point X required. Put is it possible to draw such a 
line? It is, We have simply to draw through tho oyo a lino 
parallel to the given infinite straight lino, nnd tho point* X where 
this line cuts the plane of the picture is found at once ; for although 
parallel straight lines do not meet at any finite distance, they may 
be considered ns meeting at an infinite distance, infinite being only 
..another term for “not finite/’ and the second form of the expression 
being identical with the first. But this is becoming metaphysical. 
Practically, the problem is solved. The finite lino AX is tho per- 
spective view of the infinite line proceeding from A, and making nu 
angle <p with the plane of the picture. 

Next, suppose any number of other infinite straight linos to make 
the same angle <f> with the plane of tho picture, nnd to meet it in 
points B, G, D, Sic. It is evident that the perspective views of oil 
these straight lines would be terminated in n common point X, nnd 
would consist of lines AX, BX, CX, & 0 . radiating from X , this point 

par^l straighUinM " v ° ml ” of tlmt Pedicular Bystem of 

Henco we arrive at the following general rule : — 

The vanishing point of any system of parallel straight Hues is the 

Ve,fZf a uZ^e. ‘ Im ' ¥ ‘ ‘ ke V Pmm ‘° lM a » Slm ‘ mU 

If n horizontal plane be drawn through the cyo tho lino in wliioli 

and ifaHno t P""® f ti,e P oluro is cnUcd ll >° “horizontal lino /» 

< nd if a line be drawn from the eye perpendicular to tho horizontal 

HeteKuZS 11 ° UU “ “ ““ UK1 ‘> int ol ' si » ht -” 

■ ^ 8t " vanishing point of n system of parallel horizontal linoe 
is upon tho “ horizontal line” of the picture; tho point being 




i'miml by drawing through tho eyo a lino parallel to any one of tho 
system of lines, 

'Hio vanishing point of ft system of parallel horizontal lines 
»t right nngltiR to the plums of the piduro is tho “point of sight.” 

Now wo conus to the ease of this vanishing point of a system of 
pimjllel linos which are partillol to the plains of tins piduro $ that is, 
iu the tsaso in which tins unglo 0 vanishes. These linos lmvo no 
vnnmhing point, heoauso tho line drawn through tho oyo parallel to 
thorn never meets tho piduro. They mo oonserpiontly ropvosontcd 
by parallel lilies in the piduro, 

Observe this practical conclusions : — • 

1st. A 11 vertical straight lines in nature nro represented by vortical 
straight linos in tins picture, They do not vanish towards a point 
in the zenith, as is generally erroneously supposed. In fact, in 
td.riel neon racy, vertical lines wotdil vanish downwards towards the 
centre of gravity of tho earth. 

Hud. tho horizontal linos of a building which aro parallel to 
Hits plane of tho picture nve horizontal linos in tho picture. 

Should tho reasoning by which these conclusions aro established 
ho thought somewhat metaphysical, then wo may return to the enso 
of the auction of a pyramid. Place a square board vertically behind 
the piano of fclio piduro, and parallel to it. Thou, aiucso the section 
of n pyramid by a plane parallel to its basis is a figure similar to tho 
butte, the perspective view of tho suuaro is also a squaro, that is, 
neither tho vortical nor tho horizontal lines hnvo any vanishing point. 

Wo have now discussed the whole theory and mystery of piano 
perspective. If the reader has carefully followed our reasoning ho 
will not roipiiro to spend Ids money in treatises on perspective, 
(which are generally full of gross blunders,) but may trust to Ida 
own good sense to apply tho rules which wo have established. 

Tho following remarks should be borne in mind 

In viinva of marine scenery, tho horizontal line is always higher 
than tho mat line, because of the dip of the visible horizon; and tho 
sou-lino is n curve convex to tho horizontal line, and most nearly 
touoliiug it in the point of sight. 

Tho perspective view of a sphere is an ellipse in ovary case, oxcapt 
that iu which tho line joining the oyo and the oontro of tho sphere ia 
perpendicular to tho piano of the picture, ho that tho oontro Of tlio 
sphere is on the point of sight. For lot a visual ray imvel round a 
sphere, it sweeps out a mm with a circular base, and tho oblique 
suction of an oh a eemo ia an ellipse. 

If tho plnne of tho picture bo inclined to tho vdrfcionl, Yorticnninos 
have a vnniabing point cither above or bolow tho horizontal lino. 

y 
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Tlio reflections of vertical objects in water are vertical, and liavo 
no vanishing point, because the image of a vertical line is in thci 
vertical produced beneathi\\a surface of the water, mid not in a hori- 
zontal line lying upon the surface of the water, os it appears to In?. 
When the reflection of a vertical line is not represented us a continua- 
tion of that line, but as making an angle with it, the purspoetivi! is 
incorrect, no matter in what part of the picture the vertical line nmy 
be, or how situated with respect to the point of sight. Thu reflec- 
tion of an object which is out of the perpendicular is not neoesHnrily 
in the same straight lino with it, hut in general makes mi angle with 
with it. 

The reflection of the sun or moon is always vertically under it, no 
matter where the point of sight may be. Also, the bar of light pro- 
duced by the reflection of the sun or moon in rippling writer is always 
vertical, and does not appear to approach the spectator, us it is in- 
correctly represented to do in many pictures. It is always a good 
plan, therefore, to take the point of sight immediately beneath the 
sun or moon, when they occur in a picture. 

Some of the above remarks may he received with surprise imd in- 
credulity by some readers, but a little consideration will allow that 
they are strictly correct. 

Panoramic Perspective is when the picture is represented upon a 
vertical cylinder, of which the eye is in tho centre. In this kind of 
perspective the rules are somewhat more complicated, and need not 
be stated in this work; it will be sufficient to observe; that, in n 
panoramic picture flattened out, straight lines vanish in curves, not 

in- straight lines,' 

'When, the image is formed upon the focussing screen of a camera 
having' a small pin-hole in front instead of a lens, it is in perfectly 
true perspective;;, Tor if we consider the pin-hole ns tho vertex of the 
system, of pyramids . formed by lines drawn from it to the objects, mid 
hatthese lines are produced through the hole so as to form another 
Sn n ’ equ f- an * a 1 "T lfU ' to tllc former, but inverted, it is evident 
farZi “ ? hlS second ®y stem infldc b y tllc bussing soroon 
LlS w fi ! Sim ; ar a s . ectl M lnnde b y ft screen placed symmcl.ri- 
atuim t, tn" ° PI T te ^ d6 °[ thG Pin-liole, mid therefore cmml 
inverted] ai * perspectlve ™w obtained in the ordinary way, but 

Phosgene Gas. Clilorocarbonio acid. This ens is made l>v 
exposing a mixture of carhonio oxide (0 0) and, chforino eases in 
equal volumes, to the action of sunshine. They combine oiuotlv and 
form phosgene gf is, the volume being, S 
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gas is an acid, pungent, suffocating compound, which is decomposed 
by water. See “ Chemistry of Photography.” 

Phosphate 03? Soda. Tlievo are three phosphates of soda. 
The common phosphate is obtained by saturating phosphoric acid 
with carbonate of soda. It is a salt having an alkaline reaction, 
ellloreseent, and soluble in 4* parts of cold water. It has been used 
iu the first preparation of paper in a printing process with phosphate 
of silver, discovered, by Mr. Maxwell Lyte, and which docs not re- 
quire the use of “ hypo” for fixing. See the following article. 

Phosphate or Silveh. S Ag. 0, cP0 5 . This salt is obtained 
by adding a solution of common phosphate of soda to one of nitrate 
of silver. A yellow precipitate falls, which is phosphate of silver. 
It is fusible at a red heat, and soluble in nitric, phosphoric, and 
acetic acid, also in. ammonia and carbonate of ammonia. It is 
discoloured by exposure to light. The principle of the phosphate 
of silver printing process is founded on the solubility of the un- 
reduced phosphate of silver in nitric acid. Unfortunately, the 
prints are reel and require toning, besides boing liable to contain 
chloride of silver and become discoloured in the lights. 

Phosphoui. Bodies which omit light in the dark, after having 
been exposed to light, are called “solar phosphori.” When, wo 
consider that bodies which have been exposed to heat continue to 
radiate heat for somo time after being removed from the source of 
heat, and that heat and light are most probably undulations in the 
samo ether, differing only in the length of the wave, the existence 
of solar phosphori cannot be considered a remarkable phenomenon ; 
on the contrary, the wonder is that so few bodies should exhibit the 
property possessed by them, 

Tho first solar phosphorus on record was discovered about the 
year 1G30 by Onscariolo, a shoemaker of Bologna, who found that 
calcined sulpfmte of baryta was luminous in the dark after having 
been exposed to sunshine, and that it continued hyninous for some 
hours. The blatter speedily assumed importance, and considerable 
quantities of calcined Bolognion spar (the native sulphate employed) 
were sold ns an article of curiosity. 

“ Canton’s phosphorus” is another example of the property. It 
is made by first cnioining oyster shells in fclio open fire for half an 
hour } then selecting the largest and whitest pieces, mixing them 
with about one-third their weight of flowers of sulphur, pressing the 
whole into a crucible with a closely luted? 0670 ^ mid keeping it ut a 
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rod heat for tin hour. The contents when cold may be turned out 

ml Lr W P1GC f SGlCCted - , ^ wiU be found shir iJ tf 

daifc altei having been exposed to sunshine. 

Tho^ nt ft (M rcd heafc is nlso 11 solar, phosphorus, 

the S y - S np ?? r t0 hR mo9fc ofl ' ectivo iu producing 
emit lidht °of S tl? nCe ’ 1 ? llot f T d tllat solar Plmsphori generally 
Z d Thl !lT e ? l0U 7 3 ^ t0 ^ they lmve been ox- 
Ltivo nl f ? ‘? s, - ) l0 !i 1 from lleat ns " r ell as from light. The 
native phosphate of hmc fouud near Estrcmadurn in Snain mid 

l M1 ' tic " 1 “ ll y 0110 cnlled t* cltloro- 

ilc 3 h°rf t r t™lr' )9ta T S phosphorescent. Tho 

fc t cIl) cnr lb herring, and sole is luminous before mitre- 

of (lundnipeds 111 ami 1 T1 * e pi ' 01 f rt - y ia rai ‘ ol y possessed by tho (lesli 
q incliupecis, and has never been observed in that of birds The 

Hns rj rY ? is a bea,,tiai1 

nwhaUvcW^f UCh 1,R8 . not yet been “counted for. It is 
P ThSlmv w P 7T°!' ° f l >1,0s P h oros C ent animal matter. 

conP^tZ^iil^Lr^ 1 " 1 ' 1 " 810 " 063 0f 

«i,? 0 ni fl,VCd WOod , aml cei ' tain mosses have been known to exhibit 
W* * »» ™ tl'««kingdom 
JthimSon. ( P 6 ° f 1>0t ” SS *» mstan “.) emit light during 

coulSd^th^ 82 ', « T !'j S remaitabk *•»** body is 
SS«a-5h2w l vEr l flu V [Is " ni, “ nl8 ' *0 in tho vego- 

S5^^t!d&or IP bj '°““‘ in ® ™ onloinod’bonesTrfSf 

is su M Msod “I™ 
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copper plates ready for the printer by the joint aetion of light and 
electricity. A company was formed at Holloway, in 1856, for carry- 
ing out the process, under a patent obtained by Herr Pretsch, who 
superintended operations. 

We paid a visit to the establishment in November of that year, 
and Herr Prctseh was kind enough to explain the various stages of 
the process. Wo subsequently wrote the following article in “ Pho- 
tographio Notes.” No. 16, describing what we had seen and heard. 

“ A positive photographic print is first taken,-— generally on paper. 
In order to produce from this a copperplate the following operations 
are employed : — 

“First; — A sheet of glass is coated with gelatine containing 
bichromate of potass, and other ohemicnls. When dry, the positive 
is laid upon it, face upwards, and it is oxposed to light in a pressure 
frame for a few hours. The timo of exposure of course depends on 
the intensity of the light. Sunshine is preferred, hut is not necessary. 
The picture upon the gelatine is developed in raised and sunk parts 
by immersion in a fluid, the principal constituent of which is water. 
Whore the light has not noted, the gelatine swells and forms a ridge, 
or a sories of minute granulations. Where the light has acted, the 
gelatine is hardened and does not swell The picture upon the gelatine 
is very curious, and resomblcs a positive by reflected light, the sha- 
dows and dark parts being rough and the lights smooth and polished. 

“ Second j — A mould of the picture upon the gelatine is taken in 
gutta porcha. This mould is an intaglio picture, precisely resem- 
bling the finished copper plate. The gutta percha mould is about 
bull' an inch thick. 

“ Third A copper plate is made from the gutta porcha mould, by 
means of the electrotype process. This part of the process is very 
slow, occupying perhaps a week or two. The copper plate thus ob- 
tained is called the matrix. It precisely resembles the original 
gelatine picture. 

“Fourth;- — The copper pinto from which the proof is to be printed 
is now obtnined by the electrotype process from the matrix. Tliia 
is a slower process than the last, because the copper is much thicker. 
It occupies about three or four weeks. 

“ The ontire process therefore occupies about six weeks. From 
the final plate four or five hundred good impressions may be struck 
in tlie ordinary way ; — a considerable number of plates may be ob- 
tained from the matrix ; — a considerable number of matrices may be 
taken from the gutta porcha mould ;~--and a considerable number of 
gutta peroha moulds from the gelatine picture. Hove then are the 
means of almost indefinite multiplication. Some idea of the number of 



be Q^tnined from the original gelatino' picture 
500 by itself four times. Tins 
ST 6 - ? sixty thousand million impressions; that is, sufficient 
IS 3 r S1 f. tlmes tllG P resei,t population of the earth. The most 
elaborate subjects may be engraved by this process in ns short a time 
ns the simplest, the amount of detail in a photograph or photo-galvano- 
g T l 111 S m S' 10 difference, for light, chemistry, and electricity do tho 
J 05 f: \ h ? present required for any subject is a few weeks : 
the tune frequently spent on engravings is two or three years.” 
iho company ceased operations a few months ago, probably from 

i eu ! g , m a / U , mciciltIy l )erfccfc 9tate t0 them 

Sf fc , °/ l \ XG hel P of tlie ^graver for retouching their plates. 
Uus is much to be regretted, because the process is perfectly suitablo 

lor a class Of brtbl nvliofin 1 , . 


[ 0™;^raoo»APnr. This process, like the last, is in a some- 
IZ 160 ' , bu J lfc wlU no doubt ™eivo further development 
duoinrr,« eVentUfl '> of inu .°! 1 Pnwtiwl utility. It consists in pro- 
ucmg Jiom a negative a positive upon stone which will tako printers' 

SLr 1 m. ay bfl }! rm i te f fro, I‘ 111 the samo way as an ordinary litho- 
S^ 0 " 10 8 mve been employed which arc totally different 
m pyinciplo, smec one depends upon the oxidizing, tho other tho de- 

ZtT S P °T ° f The >«ctl.od was” described by Mr. 
oS- l RK« meeU i Ug ° f t,H ’ Photo 8 ra V l,ic Socict y of Scotland 
18 .atibUoH-a 8 ~ ’ aiUlWnS r ° p0rted in “ p l»otogrftphic Notes,” No. 

it ilt:K?n 0fbitU T" °f Ju(left > tthout H inch square ; pound 
t m a mortal till it is reduced to a very (Inc powder* then nut it 

ether 11 S Shake U°f ^ P °“ r ul,on ^ 6 ounc “ oi ' P l '*'0 sulphuric 
utos (ill S 1 f 01 c !\ nUmite ?> »ud then let it stand for live min- 

ether Irnw * 1 TT' hft , S falle " t0 thc bottom, leaving tho 

is 1 : , " ' tl ' an fl ,nrcnt - b, ‘ l of « rich brown colour. This liquid 

jri z bi ; r ,r * c i l off iat ° a ***** whi 0 u h » dc»mbh> 

once more h? f mi 81,01 K, T S ns . ln ay afterwards bo redistilled, and 

once mo o become pure and serviceable ether. To roturn to the 

, * n " bottlc ' coi.Ui.ning tho sediment of bitumen <-0 ounces of 

^ “, g ” In , :p0 T <1 " pun t,lis bitu " ,cn - S1 ‘" kc «>» 

t tab SI M 0f , “ ! ‘, our ’ <m ' 1 tl,8n I’"" 1 - contents of 

o I i” g ' “ J ’ f® ‘ “ ? T St " |,|,cd b0ttl0 ' ' rl,is %>1<1 « 

state for use, end tho sediment remaining may bo 
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thrown away, ns it can never again be used. I may mention that 
the liquid should be of a beautiful brown transparent colour, take 
a lithographic stone, (the blue ones are better than the yellow the 
difference between the blue and yellow tints being about the same 
as in blue and yellow post paper) j— see that the printer has prepared 
it with a very line grain, as if for a' chalk drawing, _ 1 lace it upon a 
table, in a room with ordinary day-light,— but avoiding the sun a 
direct rays. Let it be levelled with a spirit-level, till it is perfectly 
horizontal. There should be no current of air in the room, and the 
operator should move as little ns possible, either before or after the 
operation, that any movement of his body may not cause a current. 
His breath should also be held for a few seconds, He is then ready 
to begin, and for that purpose should pour out as much of the, liquid 
into a wine glass, as will be required to cover the suriace of the stone 
— a quantity which experience alone can tench lnm. lie then pours 
it gently and slowly, hut regularly, on to the centre ot the stone. 


a current of air. in less tnan a minute ww ^ . .. ~ 

lmvo evaporated, leaving a dry looking light brown surface, which, 
on examination by a powerful lens, ought to appear granular, m 
other words ought to be composed of myriads of line dots or stip- 

1)le,3< T!io negative, if of glass, must then be laid down upon the 
stone ; and great attention is required in laying it down, so that it 
may be at once put upon that part of the stone which is desired, kn- 
it must not afterwards be shifted, or the surface will be destroyed. 
It is then desirable to surround the negative with slips ot pasted 
paper, so as to paste, and so attach, the negative closely to the stone, 
and in that way prevent air or dust getting between the stone mid 
negative. It may then be exposed to the light. I he exposure will 
be regulated by ‘the experience of the operator. In my own ex- 
perience it varies from half an hour to three c ays } but I tlnnk the 
three days’ exposure, without the sun, more likely to bc succe sful 
than the half hour’s exposure with the sun. ihe stone must then bo 
removed into the operating room, the pasted slips of paper run round 
with a penknife, and the negative at once lifted cleanly oil the stone. 
The' operator can then more leisurely remove the slips of paper wi n 
a knife or other sharp instrument. A zinc bath is then placed 
horizontally on tiro table ; into the bath is poured as much ether as 
will give a depth of * of an inch. The stone must then be let into 
the bath, face downwards, exactly as ope silvers an nlbumemzed 
plate— that is gently, but without hositgtion or jerk. After it has 
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ft° VG 8 °l 10 seoon(Is > ifc °»g ht to 1)0 raised to mi angle of 

rcnuireT Tk U ? , and down * Grcnt dexte % i^now 
leqmiea, X he stone must be at one movement turned over face, 

upwards, and tlie upper end of it made to rest upon the side of the 

hath, winch ought not to be more than 3 inches high. At this part 

of the operation an assistant is required, who should lie ready with 

a few ounces of pure ether, which he at once pours over the stone 

wtli a continual movement back and forward, along the upper end 

of the stone. I ns ether runs rapidly down, washing away any 

loose particles of bitumen, which had not been perfectly removed hi 

the washing in the bath. You then place the stono upon a table 

stnhp S ^"n £ Wn J ' y° u 3ce beforo ,Y° U the image upon the 
, Sll0uld th ? shadows instead of being dark appear light, and 
the lights appear dark, the operator will know that it is good for 
nothing, mid that over-exposure was the cause of failure. 

I he stone should now be placed in the hands of the printer 

let 0 acid k wllf tl 10 ,mJd ■“! ° h .;! k drftwi . n e> U8 >»£ POvhaps P ft little 
less acid J he will then cover it with gum m the usual way, and tho 

next day it will bo ready for printing" A great deal dcpZ'ds as iu 

lithography. generally , on its being- put into tho hands of an ex- 

i g 1 rft]d ! er, 1 a ’ hc 5tono ftdmits oo re-touching, 

T If Si ? A°. Qdded wtl t1lB 1180 of lithographic ink, ns required 

Mr impre8,ionB ""»• “ A o>; 

stone. Of each of tlio two specimens 

f ?°° T 08 c have b f en thrown off and no difference could 
be seen between tho first and the last.” 


The second process was patented in England by M. Poitevin of 
“I i$ nfc Photographically, with ink of a greasy . nature, upon 

^I.ta ''“'h orotl ‘ M ”***> 

moll Inms ,’ Vl,io V S to receiv0 11,0 dosi S» °"° ™ 

i 7 .1 ,!r m ? im " ro of , . et > ml I ,mt8 of “ conceTii.vnto(l 
0 Ution ol albumen, fibnno, gum arnlnc, golntino, or similar ournnio 

I"' ™ d .{ “''T 1 ™ , ?° lulion of a eliromntc or bichromate 

maC nf 111 fl ! y i , a80 w1 ‘ ,bI 1 does not precipitate tho orgnnio 

is then dried IflhT 'tT' d 1 h ) 9 > 8m 8' 10 ° r 00111 Pound layer or film 
hei diied, if the photographic impression is to bo produced by 
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contact; or it may be used in a moist state when the photographic 
impression is to be produced in the camera obscure. In producing 
the impression by contact, the surface is covered with a photo” 
graphic negative picture, or an engraving, or other transparent or 
partially transparent object or screen, and then exposed to light ns 
ill the ordinary photographic process. Alter a sufficient exposure, 
if the surface has become dry, or lias been used in a dry state, it is 
moistened with water by means of a sponge, and while moist the 
greasy ink or matter is applied to the surface by a ball or dabber, or 
by a roller or press, or otherwise, and it will be found to adhere to 
those parts only which have been affected by the light. Thus, if 
the screen employed he a negative, having the lights and shades 
reversed, the print will bo a positive, with the lights and darks cor- 
rect ; and if tho screen be a positive, the print will be a negative. 
The print may bo retained on tho surface upon which' it is first pro- 
duced, or it may be transferred or printed upon paper, or other 
suitable material, and the operation repeated. I thus obtain a de- 
sign upon lithographic stone, or other suitable material, from which 
I. am enabled to multiply impressions by the method of lithographic 
printing by inking the moistened surface with a greasy ink.” 


Mr. Mnophorson is not tho inventor of the bitumen process ; 
M. Nieephove Niepce first used bitumen in photography, and M. 
Negro, of Paris, first applied it to photo-lithography. 

. I’tGMKNTS. Positive prints may now be obtained in various pig- ' 
wents, by mixing them with an organic substance, and bichromate of 
potass,' — applying the mixture evenly to the entire surface of a sheet 
of pnpor, drying it, and exposing it under a negative— then washing it 
in water or a suitable solvent, which removes the pigment from those 
parts of the paper which have not been acted on by light, and leaves it 
firmly eeirtentetMo the paper in the parts which have been so acted on, 
Tho process of printing in pigments has not yet received much atten- 
tion and the results are at present more or less imperfect ns compared 
with tlioso by the old processes ; but since prints by the methods 
in common uso are extremely liable, if not certain, to fade, it is of 
tho utmost importance that the methods of printing in carbon anti 
permanent pigments should be so fur improved as to yield results 
artistically equal to the others. 

The following is a brief acoount of -some of the common pig- 
ments ;-r- 



.Black. Ivory black is made by calcining ivory clnst in a close 
crucible. Lamp black is the soot produced by the combustion of 
oils, resins, and other vegetable substances. 

Umber. A brown mineral found in tho island of Cyprus 5 it is 
composed of silica, alumina, and oxide of iron and manganese. 
"When calcined for half an hour at a red heat the pigment called 
burnt umber is produced. 

AsphaUim. A line rich brown pigment. See “ Asphaltum.” 

Sienna . An argillaceous mineral found in Italy, and also near 
Wycomb. By calcination it becomes burnt sienna. 

Smalt Hue. A glass coloured with oxide of cobalt, and pul- 
verized. 

Cobalt. Hydrate of alumina mixed with hydrated oxide of cobalt, 
dried and calcined. 

Sulphate of Indigo. Chemio blue , Saxony blue. Indigo dissolved 
in about six times its weight of sulphuric acid, then diluted with 
wntor, and neutralized with potass. 

Prussian blue. A compound of cyanogen and iron. It is not 
considered n permanent pigment. 

Slone Hite. '.Finely powdered indigo mixed with starch paste, and 
made into lumps, 

Copper blue. A mixture of carbonate of copper and chalk, ex- 
posed to tho air until it assumes the proper colour. 

• Ultramarine. A pigment composed chiclly of a costly mineral 
called Lupis lazuli , brought from China and Persia. 

Artificial ultramarine. A pigment containing sulphido of sodium, 
obtained by fusing together in a crucible, porcelain clay, sulphur, 
and carbonate of soda. French photographic papers are ‘tinted with 
this villanous alkaline sulphide, which is enough of itself to cause 
the fading of any photograph. 

Blue verditer. Nitrate of copper mixed with ohalk. , 

Copper green. Native sub-carbonate of copper. 

Brunswick green; Carbonate of copper mixed with calcareous 
matters. ' . . i 

Vienna green. A mixture of arsenious acid nniHordigris. 

Green verditer. An accidental variety of blue verditer. 

Sap green. _ The juice of the berries of buckthorn, black alder, or 
cvcr-grcen privet, mixed with lime wator and gum avabie, ami eva- 
porated until cjuito thick. 

Iris green. Tho juice of tho petals of tho iris nddod to quiok 
lime. 

Oamino. An extract from tho cochineal inscot. 

Lake, Tho colouring mattor of raw shellac. 
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Brazil-wood lake. A mixture of a decoction of logwood, alum, 
nd chloride of tin, to which carbonate of soda is added to form a 
irecipitfttc. 

Madder. A colouring matter obtained from the root of the Rubia 
inelonm , which grows iti the South of Europe. 

Brown pink. To a decoction of Preach berries and fustic, boiled 
vritk potass in a tinned vessel, alum is added. The precipitate is 
‘ brown pink.” 

hitch pink. Tnvmorio is substituted for fustic, and whiting for 
ilum, in the preceding formula. 

Orange red. Sandix. White lead calcined. 

Bed lead. Minium. Litharge (oxido of lend), roasted in a re- 
verberatory furnace. 

Indian red. Peroxide of iron. 

lied chalk. Clay iron-ore. 

Venetian red. Oxide of iron. 

Blum white. A calcined mixture of honey and alum. 

White lead. Basic carbonate of lead. 

Permanent white. Carbonate of baryta. 

Zinc white, Oxide of zinc. 

Chrome yellow. Chromate of lead. 

Indian yellow. A concretion formed in the intestines of the camel. 

King's yellow. Sulphide of arsenic. 

Naples yellow. A calcined mixture of lead, antimony, alum, and 
salt. 

Patent yellow. Chloride of lead. 

Queen’s yellow. Turpith mineral, or sub-sulphate of mercury. 

Yellow lake. French berries boiled with potass, and precipitated 
with alum. 

Oohres. Native oxides of iron mixed with argillaceous and cal- 
oareous earths. 

Verdigris. Acetate of copper. 

Indigo. A product obtained from the indigo plant. 

Sepia. Tho ibjack liquid contained in the cuttlo fish. It consists 
of carbon, aloitg with albumen, gelatine, and phosphate of lime. 

Vermilion. Cinnabar. Protosulphide of mercury. 

Terra verte. Silieato and phosphate of protoxide of iron. 

Pins. Pins nro used in photography for hanging up papers by 
the corners to dry, or for pinning the corners to a board. Black 
pins coated with enamel are the best. 

Pipe Clay. A clay analogous to kaolin and found in. the Isle of 
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Pui'beCj and ^Dorsetshire. It contains a lavgc proportion of Alumina, 
and is sometimes used for decolorizing old nitrate baths. 

Plaster of Paris, Gypsum. This useful substance is mado 
by roasting sulphate of lime at a temperature of about 500°, by 
which the water of crystallization is expelled. When plaster of pavis 
is made into a paste with water, it soon solidifies, and this property 
constitutes its value for taking- casts or moulds. Stucco and sea- 
gliola arc made by mixing- plaster of paris, coloured in various ways, 
with size and water, and polishing the surface. Gypsum, or native 
sulphate of lime, is frequently used ns a manure, particularly for 
clover crops. Sulphate of lime is soluble in GOO parts of water 
and it is this salt which principally renders water " hard.” 

Plate. In optics, a transparent medium bounded by parallel 
plant! surfaces is called a “ Plato.” When a ray of light is refracted 
through a plate, its direction at emergence is parallel to that at inci- 
dence, and it does not suffer deviation but only displacement ; the 
amount of displacement depending on the thickness of the plate. 
1 he same thing happens when a ray is refracted through any number 
of plates of diiiercmt materials in contact ; — it merely suffers displace- 
» mont and not deviation the medium external to the plates being 
supposed to be the same, 

Plate Glass. This is made of the sumo materials ns crown 
glass, and docs not contain lend. Vast quantities of it are now used 
' m photography. \Plate glass is made by pouring- a quantity of the 
fqafcclsf 1 metal 1 upon a table or cuvette of east iron, and then pass- 
ing a roller over the surface.. The plate is then annealed or al- 
loweusto cool slowly m an oven, or enrquaise, along with others. 
" * ien ,c °l ( l the plate is removed, and carried in an upright position 
to a part of the manufactory where it is to be roughened down and 
polished. This is accomplished by fixing one side of the plate with 
plaster of paris to a horizontal stone table, and another plate to a 
piece of apparatus nbovo it. The apparatus is theft -put in motion, 
and the surface of the upper plate rubbed upon that of the under 
one, with wet sand between them, by a eircum-rotatory motion, at 
the same time that a peculiar lateral motion is given to the table 
which supports the lower plate. When the plates are in this way 
sufficiently workod on one fnco, the process is repeated on the other. 
I he plates are next smoothed in the same way by substituting moist 
emery for moist sand, and the polishing is effected by colcothar 
(oxide of iron) applied by vubbors of felt. The final polishing is 
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ivon by women, who nib two plates together with a little moistened 
ditty of tin between them. 

Manufacturers of plate glass should be particular not to pack it 
ip, when intended for photography, with printed papers between 
he sheets, for it has been found that permanent impressions are thus 
iommunicated to the glass, which are reproduced upon the photo- 
graph. It has been affirmed that these impressions cannot be re- 
noved by the strongest nitric acid. 

Plate Pacer. The thick bibulous paper upon which engravings 
ire printed. 

Plumb a ao, Blacklead, Graphite, This substance is com- 
posed of enrbon and iron, and contains about 8 per cent, of iron. 
The finer kind is used for blaeklead pencils, and the coarser kinds 
for polishing grates, diminishing friction iu machinery, &c. It is 
almost exclusively obtained in a pure form from the mine of Borrow- 
dalo, in Cumberland; it is infusible, very difficult of combustion, 
and sometimes occurs crystallised in hexangulnv plates. In an 
impure form it is not an uncommon mineral, and is found in detached 
masses, generally , among primitive rooks. 

Plumbers’ Solder. Equal parts of lead and tin. 

Polarized Light. See “Light.” 

Portrait Room. The construction of the room in which 
.portraits arc taken is a matter of the first importance, The best 
arrangement for producing a pleasing expression in the countenance 
of the sitter, an artistic effect of light and shade, and a portrait 
free from distortion and disagreeable exaggeration of near objects, 

is as follows : — „ , . , . . x 

The room should be at least 80 feet long, 10 feet wide, and 8 feet 
high at the sides. The roof should havo a ridge from end to end. 
Both ends of the room should be dark, and nearly iu the middle 
there should be a window on each side coming down to within 8 
feet of the floor and going up to the roof. In the roof there should 
bo two skylights exactly corresponding iu breadth with the windows, 
and going up to the ridge. The width of the windows and skylights 
need not exceed 5 feet. They should bo provided: both with black 
and white blinds, whioh can be drawn at pleasure, and also with the 
means of opening and shutting them in calm or hot weather. The 
background is plocod at that end of the room whioh is nearest to the 
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S™ W !l"" C l I' 10 , C T m nt , tl,e ot,le1 ’ Whil ° moveable on 

lolleia, should also be at hand when required to throw a reflected 

iiglit upon any part. The room should be entirely papered with 

VXl* °? d the e y cs of tllc sitter should never bo 

dimeted towards the light, but into darkness. 

the portrait room should, if possible, be built of wood, and made 
to turn about an axis m the centre, with two wheels nt each end, 

wi *1 • . lMy . plnc . e(l in nuy direction witli respect to the light. 
^ hem this is not practicable it should ho placed north and south, 
and the sitter should lace tho north. A lens of long focus and large 
aperture should be used in preference to one of short focus and small 
aperture; not because a large aperture is better than a small one, but 
because it is at present a matter of unavoidable necessity. A lens 
ol too short focus for the size of the picture produces horrible 
distortion in the imago. Photographers generally are too fond of 
shaming- their lenses and working with oblique pencils. Tho only 
nm| C ° 0 !n n iT UC 1 ? n pr T rly bc r «“®d «S««»st a lens of long focus 
l 8 J tnbI ° T rtl,re 18 ? infc wllic ’ 1 ar!ses fl ‘om 1,10 room being filled 

m isHnrt Zt y nt r Sp, T ° f , a town > w “ renders tho picture 
prod ; ic ° s . % when the camera is too far from 
16 8l V cr - a ° l nvo, d tins evil, portraits should always bo taken in 
the suburbs mid not in the cento of a large town. 

in ill 001 ; i 0f tll , e room s,,oukl be covered with light holland 
nnSrtil ? l i 0 - Ulh00 A 0 ^ tho Sltte1 ’’ a,lcl with dark drugget nt the end 
noishetl h >? 7 3 \ S v7 tf ! bies > Vft3C3 > &c -> should not bc 
w fr t ie hlg l llgllts look ,ike s P° ts of snow in tho 
p !. mn ' 01 ' poverty-stricken, or of ugly design should 

mth artlw r TV 011 th f C01ltrnry i(i should be furnished 

with articles of tnsto ami luxury, but not with anything gaudy or 

atQnd s]iouui ^ * 

either' ^ Sid ° windows sl,oul(l "W h«™ 
be all of e b ?r b T d d ™ VI \ ftTld the snmfl in general 
W i ll he ft yhgbts< , 11,0 ob i ect of tWs is to throw more 
Ji 0 lit upon one side of the face than the other. 

Positive Com.omon Pkocess. See page 120. 

Potass. JCO=47. Hydrate of Polos?, KO, 110=56. 
lno ft iu n9 - t,Cio - ta99 ’ or hydrate of potass, is obtained by boiling 

»oto IwlT V . CS8cl 8,aked b, " e «™1 a solution of carbonate o^' 
L. ni ' n cl lbontc aeul leaves the potass and goes to tho limo. 
ioimmg an insoluble precipitate of carbonate of lime, and tho potass 


POT 


PEE 


88fi : 


mains in solution. When a little of the liquid taken out censes to 
crvcsce on the addition of an acid, the decomposition is complete, 
le clear liquid is then drawn off into tin iron or silver vessel, cvti- 
, rated to dryness, fused in its own basic water, and run into moulds, 
ic sticks thus formed still contain a little carbonate ; this is re- 
eved by dissolving them in absolute alcohol, when the carbonate of 
itnss is precipitated as insoluble, but the plan is open to objection 
ice the alcohol is liable to bo decomposed. 

Caustic potass is soluble in half its weight of cold water. It is 
ghly alkaline and caustic, acting energetically upon most organic 
balances, and dissolving sulphur, alumina, silica, and several 
lphides ; its aqueous solution, also, dissolves the oxides of some 
the metals, as manganese, zinc, lead, tin, antimony, cobalt, nickel, 
and acts upon glass, particularly when at a boiling heat. It is 
icly soluble in alcohol and fuses at a red heat. 

Potassium. K=40. This singular metal is obtained by ex- 
iling the oxygen from potass either by exposing it to intense heat 
contact with charcoal, or by Voltaic Electricity. It is a bluish 
lute metal of great lustre, which fuses at 150°, boils at a red heat, 
>ats upon water, and takes fire by coming into contact with water 
consequence of its great affinity for oxygen. It must be preserved 
ider naphtha. 

Preservative Processes. The object of these processes is to 
•cservo the sensitiveness of an excited collodion plate for a longer or 
lovter time, ns may be required, and thereby to do away with the 
convenience of preparing the plate and developing the picture on the 
lot whence the view is taken. 

The best dry preservative processes at present known are undoubt- 
lly those of Hr. Hill Norris, and Mr. Polhergill, described under 
10 head of “ Dry Collodion Processes;” q. v. With respect to the 
oist preservative processos, various plans have been suggested, 
ome right and others manifestly wrong in principle,) which consist 
. removing move or less of the free nitrate of silver from the sensitive 
ate by washing* it and then pouring over it such a substance as 
lycerino, golden treacle, oxymcl, or honey, which retains its inois- 
ire for a great length of time. After the oxposuro, and immediately 
fforo the development, the plate is well washed in order to remove 
ic preservative substance, and fcho picture is then, developed, either 
ith gallo-nitrate, or pyrognllo-nitrato of silver, mid fixed in the 
rdinury way. 

Of the substances named n 3 prescrvativcs, golden symp, or glycer- 


ine, or a mixture of golden syrup, and metngelatino, are probably the 
besty and oxymol or honey the worst, The objection to honey consists 
in its containing a largo quantify of grape sugar, which is a powerful 
reducing agent and tends to fog the pinto without increasing its sensi- 
tiveness ; while golden syrup is entirely Mwcrystallizablo and a very 
feeble reducing agent, therefore a much more suitable substance than 
lroney to employ. The reducing action of the grape sugar contained 
in honey is kept at hay somewhat by adding vinegar to it, and forming 
oxyinel j hut when, an acid is present in the preservative, not only is 
the time of exposure greatly increased, but the latent image is grad- 
ually destroyed by it between the time of exposing the plate and de- 
veloping the picture. Some time ago an amusing spectacle was 
exhibited by two photographers, each contending for the honour of 
the discovery of the 'honey process. We believe moro honour would 
have been gained at the time by any one who had then pointed out the 
disadvantages which attend, and the error of principle which is 
involved in the use of it. Glycerine appears to be inert and well 
adapted for a preservative agent, particularly when the nitrate of 
silver is not thoroughly washed off. 

In any preservative process it is always well to add a chloride, 
say chloride of magnesium, to the iodizing solution, and the collo- 
dion Bhould not he too hard and contractile. 

The deliquescent salts, nitrate of magnesia, and nitrate of zinc, 
have been tried as preservatives, but they do not appear to answer. 

The Theory of preservative processes appears to bo this: — The 
sensitiveness of the excited collodion plate is impaired* hut not alto- 
gether. destroyed, by washing off the free nitrate of silver. An 
image perfect in all its details may he impressed upon a washed col- 
lodion plate, by sufficiently increasing the time of exposure; but in 
the development nitrate of silver must he added to' roplace that which 
has been removed. The impressed image cannot, be removed by 
simple washing in water, although it may be dissolved out by im- 
mersion in an acid nitrate bath, or by acid oxymel, or acid gelatine 
• or any acid developer, or other chemical agents. The effect of n 
moist preservative solution poured over the plate is therefore (sup- 
posing it to be quite inert), merely to retain tho moisture of the film 
during the time that it is in contact with it. 

A. good moist preservative process is chiefly valuable to the pro- 
fessional photographer (who, must of necessity work .collodion in n 
van or tent near the spot where the picture is taken)* for taking in- 
teriors, or , subjects which .require a very long exposure. To the 
; araateur-it is; useful for enabling him to excite and develop the plate 
afeitheintt-iyhere he is staying, If an excitedplate be required to be 
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“ kept ” more than a few hours, Dr. Norris’s dry process is certainly 
far better than any moist preservative process. See “ Collodion.” 

Printing Ink. This may bo applied as a backing to collodion 
positives, and it does not crack. To apply it, first rub the back of 
the plate over with it; then smear a piece of paper with it, press the 
two blackened surfaces together, and put the plate at once into the 
passe-partout. It may also be used for blackening the skies of collo- 
dion negatives. 

Printers’ ink is made by grinding lamp-black in printers’ varnish, 
which is a mixture of linseed oil, resin, and yellow soap. By adding- 
more varnish it may be thinned to any extent. 

Prints, Colouring. Before colouring an engraving or photo- 
graph upon bibulous paper, it must bo sized by applying- to it the 
following mixture : — 

Dissolve 4 ounces of glue and 4 ounces of white soap in 8 pints 
of hot water ; add 2 ounces of powdered alum ; stir well together, 
and it is ready for use. It is to be applied cold, either with a sponge 
or fiat camel-lmir brush. 

Printing Process. By “printing” is meant the reproducing 
a positive, in which the lights and shades are true to nature, from a 
negative in winch they are reversed. The operation not being at- 
tended with the,, destruction of or injury to the negative may be 
repeated indefinitely, and therefore any number of prints may be 
taken from the snmo negative. 

There are two inotliods of printing; one consists in copying the 
negative by means of a lens, the, other by pressing it upon a sen- 
sitive tablet in n pressure frame, and exposing it to direct light. In 
both cases the light which produces tho print is transmitted through 
the transparent parts of the negative, and stopped by its opaejuo 
parts. The particulars of the former method are described in the 
article owV Copying,” (q.v.) It only remains thoreforo to describe 
the latter mode of proceeding, viz., printing by superposition. 

There are two methods of printing by snporposition of the negative 
upon a sheet of sensitive paper. One is called Sun-printing, the other 
Development-printing. 

In. sun-printing the paper is said to bo either “ plain” or “ albu- 
monized.” Tho latter, process is minutely described at page 18. 

The process of Sun-printing upon Plain paper is as follows 

Use the host Papier Saxo, or tlio papers of parioii ;• or Ganson ; all 

Z 



of which arc manufactured on the continent, and havo a finer surface 

than English papers. , f 

Moat the face of the paper for a minute upon a hath composed of— 

Eilteved raih water. . * • • °' 1, . 

Gelatine £ 8™«na 

Chloride of sodium . . . . o grams. 

The ingredients are to be boiled together, strained, and used when 
cold. Hang- the papers up to dry by a pin at one corner. 

Excite the paper by brushing over it, with a .Buckle s brush, tlio 
following solution of ammonio-nitrate of silver. 

Distilled water d ok 

Nitrate of silver ... 50 grams 


When dissolved add ammonia, a drop or two at a time, until tho 
brown turbidity at first formed is exactly redissolvod, and tlio solution 
becomes again clear. 

Brush the papers over twice with the above, and hang up to drain. 

When ns many have been excited ns arc required for immediate 
use, dry them before the fire at a moderate distance, and use them 
at once, for they turn brown by keeping. 

Expose in the pressure frame until tlio picture is somewhat over- 
printed. 

On removing it from the pressure frame, wash it (in the dark 
room) in several changes of rain water, then with water to which a 
few drops of ammonia have been added, lastly with water again. It 
is now of a reddish purple tint. 

Tone it by immersion in a very small quantity of a bath contain- 

big 

Distilled water . . . 6 ounces 

Sol d’or 1 grain 

Hydrochloric acid , , a few drops. 


Erom one to five minutes immersion in this bath is sufficient. 
The tint changes from a reddish purple to an indigo colour, while tlio 
whites are but slightly changed. Tlio bath must not be used lignin. 

Wash the print thoroughly in water changed a dozen times at 
least, then fix it in a hath containing 1 part of hyposulplhto of soda 
to 20 parts of water. Let it remain 20 minutes in this bath, then 
throw the hypo away, and wash tlio print in water, and let it souk 
in water frequently changed and agitated, for 24 hours. 

l’ress between cloths, hang up to dry, and tlio print is finished. 

The siraplost Dovelopraent-printmg process is as follows t — 
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Use Hollingworth’s tldn photographic paper j (tlio thick sort is 
soless.) Immerse it in the following bath : — • 

, Filtered rain water ... 1 ounce 

Suit . , G grains 

Lemon juice 1 drop. 

The time of immersion may Ho between one minute mul H hours 
itliout producing any marked difference in tho result. 1 
Excite the paper by floating it upon a nitrate bath made thus; — 
Distilled water .... 1 ounce 
Nitrate of silver . . , .80 grains 

Lemon juice G or 8 drops. 

Hang it up to dry, and use it ns soon as possible. 

Expose it in tho pressure frame until a faint trace of the picture 
i visible. 

Develop it thus 

Turn up the edges of the paper nil round so as to make it into a 
■ay. Day it, with a sheet of blotting paper underneath, upon a hod- 
ontul sheet of glass, and pour upon the darkest part of the picture- 
little saturated solution of gallic noJd, which spread, with a bent 
lass rod. Tho development immediately commences and is com- 
leted in a few minutes. Do not stop it at too early a stage, before 
io blacks have acquired the proper intensity. 

Wash the picture once or twice in rain water, and fix it exactly in 
io manner described in tho preceding process. 

AYhon finished it should precisely resemble an engraving in np- 
eavnneo. 

'.By adding a little iodide of potassium to the salt, tho paper is 
mdeved much more sensitive and the print more permanent, its 
Dlour is also improved by nil admixture of grey or blue ; but the 
rocoss is less manageable and certain. 

Those processes have been somewhat bricily described because tho 
utlior has learnt, within a few days, the particulars of a method of 
rin ting in carbon, which ho feds' sure must speedily supersede all 
bo processus with the silver salts, from its economy and cor tain ty, 
s well tho undoubted pcnnnnotico of tho prints. This process, 
owever, (tho discovery of Mr, John Pounoy, of Dorchester,) lie is 
ot at liberty at present to make public, 

Prism. In solid geometry a prism is a solid described by the 
lotion of n straight lino which in passing round the boundary of a 
•lnno rectilineal figure always preserves its parallelism, the solid being 
e’rmiuated at the other extremity by a plain figure parallel to tho 
irst, In optica, however, tho term prism is confined tl the enso of 
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a prism with a triangular base, ancl its sides rectangles perpendicular 
to the base. 

In optical experiments with the prism the edge of the prism is in 
general very sharp, the two adjacent planes which form it being in- 
clined at a very small angle, called the “refracting angle of the prism.” 
When the prism is so placed with respect to a ray of light refracted 
through it as that the emergent and incident rays make equal angles 
with tho sides of the prism, the deviation of tho refracted ray is a 
minimum. 

Supposo a prism to be placed in its position of minimum devia- 
tion with resjicet to a ray refracted through it near its edge, and let 
D be the deviation of the refracted ray, /x the index of refraction of 
the material of which tho prism is made, and a tho refracting angle 
of the prism' ; then, if the angle made by Hie incident ray be mailt 
D= (ft — 1) a. 

A ray of light refracted through a prism is decomposed into rays 
of different refrnngibility and colour, because the deviation of a ray 
depends upon tho refractive index of the prism for that ray, and since 
white light is not homogeneous but composed of light of different 
degrees of rcfrangibility, tho refractive index will vary with tho dif- 
, forent rays of which white light is composed, being greatest for tho 
violet and least for the red rays, therefore the deviation will bo 
different for rays of different colours. 

If a second prism, precisely similar to tho first, bo placed against 
it in such a way ns that its edge is next to tho base of tho first prism, 
tho two prisms will form a plate, and a ray refracted through thorn 
will, neither suffer deviation nor decomposition 5 that is to say tho 
effects produced upon it by refraction through tho first prism will bo 
exactly counteracted by refraction through tho second, so that tho 
second prism will re-composo into white light the rays whioh wore 
dispersed by tho first. The second prism thoreforo achromatizes 
tho first; but the refracted ray doea not suffer deviation , thero 
is therefore no optical utility in such an arrangement. Hut if tho 
second prism be made of a different material from tho first, having, 
different refractive and dispersive- powers, and a suitable refracting 
angle be given to it, the first prism will be achromatized by the second, 
and the ray will suffer deviation. This important result depends on. 
the fact that tho dispersive power of a medium is not proportional to 
tho deviation produced by it. 

This being the case, opticians are fortunately able to achromatize 
lenses and prisms. To be very exact however, it must be remem- 
bered that in consequence of the irrationality of dispersion Si prisms in, 
contact can only unito 2 of the coloured rays or lines of tho apeolruitw 
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Proof-Spirit, Alcohol, S. Ct. ‘92 at G2° Pahrcnlieit. See “ Al- 
cohol.” 

Prussian Blub. A peculiar compound of cyanogen and iron, 
the exact formula of which lias not been determine cl, but may be , 
represented approximately by 6 KO-t-4 Pc.,,, Cfy. s . 

This substance is much used both ns a dye, and pigment. It is 
jnndo by precipitating solutions of peroxide of iron with ferro-cyaniclc 
of potassium, (yellow pr us si ate of potass.) It is insipid, inodorous, 
insoluble both in water and alcohol, and not poisonous. The alka- 
lies decompose it, and it does not therefore, as a dye, resist the action 
of soap. According to Chevreul, it becomes white by exposure to 
sunshine, but recovers its colour in the dark. It lias a strong attrac- 
tion for water, 

PnussiATE of Potass, Red and Yellow. See “ Berro-, and 
Bcrrid-Cymiido of Potassium.” 

Pumioe Stone. A grey porous stone found in the neighbour- 
hood of active and extinct volcanoes, and supposed to have been 
thrown up bv them. It is used by painters for smoothing surfaces 
intended to be painted ; and, when pounded, by other artificers lor 
polishing glass; metals, &c, 

Purple of Cassius. This is a fine purple pigment used m 
enamel painting, and staining glass of a red colour. It is composed 
of the mixed oxides of gold and tin, and is precipitated by immersing 
a piece of tinfoil in a solution of chloride of gold. Its composition 
is Au. 0 + 3 Sn. 0 2 -f 4110. 

Putty. See " Glazier’s putty,” 

Putty Powder. Polisher’s Putty. Peroxide of tin. 

Pyro-Aobmo Ether ; 
is a colourless, limpid, infl 
tone.” It is permanent it 
water, alcohol, ether, and 
live distillation of acetate 
to bo of no present use in 
stances it has been tried b 
lodion. 


Pyuo-Aoetic Spirit. 0 3 IR 0. This 
mimable liquid, sometimes oaUcd“Aoe- 
the air, and mixes in allpropovfcions with 
uvpentinc. It is obtained by the destruc- 
)f copper, or other acetates. It appears 
holography, although like many other sub- 
cxperimeiitalists,ps an addition to col- 


Pyro-Gallic Aoid. G a II, 0,.. This subsfcnnco is extensively 
used by photographers as a developer in the negative collodion 
process. 

It may be made by exposing gallic acid to a temperature of about 
420°, when it sublimes and may be collected in the form of while 
shining scales ; but is apt to be contaminated with cmpyrcumatic oil. 

A better plan is to treat finely powdered galls with successive 
portions of cold water until exhausted, then to collect all the? 
infusions and evaporate them to dryness. The spongy deliquescent 
mass thus produced must then be pounded and spread upon tins 
bottom of an iron vessel 8 or 4 inches deep and I foot in diameter, 
the top of it being covered with a piece of blotting paper pierced 
with pin holes, and surmounted by a paper cap 12 or 18 inches 
high. The pan is then cautiously and uniformly heated for sonic 
hours at a temperature of about 400°. Tho crystals of pym* 
•gallic acid collect in the cap, and the other products are absorbed 
by the blotting paper. 

Pyrogallic acid is not an acid, and docs not redden litmus paper. 
It is white, crystalline, inodorous, and bitter; and very soluble ill 
water, alcohol, and ether. The aqueous solution blackens by long 
exposure to air, and deposits a brown powder. It gives a deep 
indigo colour to a solution of pro/osulphatc of iron, if pure and iron 
from persulphate, to which it gives an orange colour. 

Pyrogallic acid is blackened by chlorine, but iodine lias no effect 
upon it. 

- It is a powerful deoxidizer, and reduces the oxides of the noble 
metals; bonce its use as a developer in photography. It combines 
with oxide of lead, and dorms a white powder. 

'Pyro -Lion nous Acid. A crude vinegar obtained by the 
destructive distillation of wood. When purified it is used as u 
substitute for vinegar in many processes of tho arts, and also ill 
making pickles, sauces, &c, 

Pyro-Ligneous Spirit. Pyroxylic Spirit. See “Wood- 
Alcohol.” 

• Pyroxyline. pu II 1S N g Ojq. This substance, which when 
dissolved in ether forms collodion, is mado by acting on lignin with 
a diluted mixture of sulphuric and nitric acids represented by tins 
formula HO, N0 6 +2 HO, SOg+SJ HO, tho temperature being 
uniformly maintained at from 135° to 150°, according to tho quality 
of the collodion required. 


PYR 


343 


It may either be made from cotton wool, or linen rags. The rags 
must first be boiled in a strong solution of soda, and then thoroughly 
washed. The mode of proceeding will be understood from the 
following description, extracted from a treatise by the author on the 
“ Positive Collodion Process.” 

“Procure some dry cotton wool chemically clean, some pure 
sulphuric acid, S. G-. I - 84, some pure nitric acid, S. G. 15, mul 
some rectified sulphuric ether, S. G'. ‘750. 

“Use the fire-place of an outbuilding for the experiments. Put 
mi old frying pan filled with sand upon the five, and in this sand- 
lmth place a pie-dish containing water heated to about 170 6 P«ht, 
Then procure n breakfast cup and a couple of long thick glass rods. 

“ 1st Experiment. — Put into the cup 

5 drachms Nitric Acid, by measure. 

5 drachms Sulphuric Acid „ 

25 grains Cotton Wool. 

“Dense suffocating fumes rise from the mixture; these should 
escape up the chimney. Keep working the cotton wool about with 
fcho glass rods for 5 minutes, during which time the temperature of 
the mixture should bo 150°. The temperature of the water in which 
the cup stands boing about 170°, that of the mixture in the cup 
will bo as nearly as possible 150°; but you must test it with a 
thermometer, the ball of which can be inserted in the mixture ; 
for the preservation of an even temporature is of the utmost 
importance. 

“At the end of five minutes, remove the cup, throw away the 
mixed acids, and put the cotton into a pail of water. Wash it 
quickly, oponing it well, and rousing it about in the water. Then 
continue the washing in a basin, changing the water several times, 
and squeezing the cotton after each washing between your hands. * 
“ When you have thoroughly washed and squeezed out all traces of 
the acids in this way, pull the cotton out into a large loose ball, 
and bang it up to dry gradually in a clean piece of netting. <■ lhe 
cotton when dry looks pretty much as it did at first, but you feel a 

peculiar harshness about it. , , , . , 

“ The first experiment yields pyroxylme of the most explosive land. 

;i3o careful therefore of accidents. ‘ - ... 

“Repeat the experiment ten or twelve times, adding m the 
second experiment 80 minims of water to the acids, and increasing 
the quantity of water added by 30 minims in each fresh experiment. 
The twelfth experiment will therefore contain, m addition to the 
ncids, 330 minims, i, e. H drachms of water. . ^ , 

“ Wo will now suppose the various sample^ of gun-cotton to be diy, 
and ready for an investigation of their properties. 
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" First — weigh thorn. 

Sample 1 will weigh 43 grains 

n 2 j) 43 „ 

j> 3 „ 43 »> 

„ 4 „ 40 >, 

„ 6 > „ 37 „ 

Samples 6, 7, 8 37 ,, 

“The cotton having increased in weight from 7B to 50 per cent., 
according to the quantity of water added. 

“We now proceed to test the solubility of these twelve samples of 
gun-cotton in ether, S. G. -760, and also to ascertain the various pro- 
perties of the film produced when the solution is poured upon a glims 
plnte. Observe that ether, at '760, contains a proportion of alcohol 
and water ; the S. G. of absolute ether, being only *720. 

“Weigh two grains of each sample of gun-cotton, and tost their 
respective solubility in half an ounce of ether. 

“ Samples 1, 2, and 8, will be found to bo insoluble. Sample 4 
looks more gelatinous, and seems inclined to dissolve. Sample f> 
dissolves completely on shaking the bottle. Samples 0, 7, 8, 51, 10, 
are soluble; 11 partly so; 12 not at all. 

“ Now compare the different samples of cotton. Tho first three or 
four are long and fibrous, the next throe or four are somewhat 
shorter, the last three or four become very short, and break up into 
little short shreds, many of which nro lost in tho washing. 

“ The first three or four samples are called “ Pyroxylino," and 
tho last, three or four “ Nyloulino.” But it will bo seen that this 
nomenclature is imperfect, for it does not include the middle 
varieties; \yluoh nro those with which wo nro concerned in Pholo- 
graphy, viz : Nos* fi, Q, 7 and 8. We will 'call thorn photographic! 
gun-cotton. ■; if :: • 

‘ ‘ The first ..samples of pyroxylino nro highly explosive. Place a 
small tuft upon the hearth, and apply to it the end of a rod-hot 
piece of iron wire. It instantly goes off ‘ puli', 1 without smoko, 
and leaving no. ash. ,; Tlie last varieties of xyloidino nro merely 
combustible, and not explosive. ‘ 

“ Let us next examine tho nature of tho solutions made with 
samples between Nos. B and 10,. 

; i; “ Pour a few drops of Nq. B upon the finger, so that it may run 
round both ways. It dries quickly (producing a sensation of cold), 
and, when dry contracts strongly, looking liko a piece of goldbeater's 
skin, atuok tightly round the finger. This is tho hard eontrnctilo 
collodion. Its use should be avoided in photography. 

“ Now pour a few drops of No. 10 upon the linger! This also dries 
quickly, but when dry . does not eontractliketheibrmeiqnnddnstefttl 
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of being transparent, is semi-opaque, or “opalescent,” or “papy- 
raceous,” looking like n piece of tissue paper stuck round the finger. 
This is nlsjo a kind of collodion to bo avoided in photography. 

“Tins proper variety of gun-cotton for photographic purposes lies 
between those extremes. 

“ In oritur to try which is the best, pour a little of each solution 
upon n clean glass' plate. .Hut in order to make the experiment fairly, 
wait a day or two, until tbe Hunting particles in the collodion have 
nettled lo the bottom of the bottle; for you cannot properly filter 
ruHodinn without a special apparatus. 

“ Kxumino the films before a strong light, with the help of a 
magnifier. 

“ hilui No. 5 is not only hard and contractile, but shows struc- 
ture, Imiupr covered with wavy marks, or lines. 

“Filina Nos. fl and 7 are much better and are nearly structureless; 
No. H ia LI to best. ' 

*' Film No. 8 begins to get slightly opaque. 

" In Ulim Noa. 9 mid It) the opacity increases. 

“ No. 0 is tliorefovo the best collodion, and on adding a little 
alcohol to it, the appearance of structure in the film altogether 
vnmahea. It adheres lightly to the glass, without contracting, and 
cannot easily bo washed oil'.” 

The proper strength of the nitrosulphurio acid, determined front 
(lie above experiments, does not agree oxnctly with the formula 
given in symbols in n fovinor paragraph, atul which is that of Mr. 
Hmlo\v ; but some latitude is allowable in that formula, and the best 
proportions aro purely a mutter of experiment. 

Jluforu putting the cotton into the acids it should be pulled out 
into very thin lint pieces. 

Inalrud of using mixed aoids, a mixture of sulphuric acid and 
nitre limy be employed. The ingredients must bo pure, and the 
nitre finely pulvoraod and dried. 

Mix together— 

Water . * • 11 “ U1(1 drachms. 

Sulphuric acid . • 12 » » 

And pour it upon „ 

Puru nitre . . . • ^ S'' mi,s> 

Stir it well until it ceases to efl'ervesce, and forms an even pasty 
mixture) free from lumps. This mixture must bo kept at a tempera- 
ture not lower than 18 5°, mul used at once, ns it solidifies on cool- 
ing. Tho cotton must bo kneaded in the mixture for about 10 
inimilcH. This plnu or making pyroxylino.is not nearly so good as 

with Llio mixed aeids. , - ; :• 

In lining commercial acids of ^nkhown-: strength, the exact 
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quantity of water to be added is a matter easily determined by two 
.or three experiments. 

The theory of pyroxyline is as follows ; — Lignin is composed of 
carbon, oxygen, and hydrogen. When acted on by nitrosutphurie 
acid, from 3 to 8 equivalents of hydrogen arc removed, and their 
place supplied by peroxido of nitrogen, by a process called in 
.chemistry “ substitution.” Tho only ell’eet of the sulpluirio no id 
appears to be, to prevent tho nitric acid from dissolving the pyroxy- 
line ; for sulphuric acid has a strong attraction for water, mid 
pyroxyline is soluble in dilute though not in drony nitrin acid. The 
theory expressed in symbols is CH n 0 + NO fi es 0 (ll n _ lt NO.) 
0 + HO. Lignin -f nitric acid = pyroxyline -h water, in which 
expression the number of atoms involved in the change is, for tho 
sake of simplicity, omitted. 

Pyroxyline being a substitution compound is very unstable. Pollies 
containing it are frequently filled with rod fumes, and by its decompo- 
sition in the form of a collodion film, oxides of nitrogen are given olV 
which destroy the picture. It should, therefore, be dissolved in ether 
as soon as made, and collodion pictures should always bo varnished. 

Pyroxyline is sometimes made from Swedish filtering paper j but 
the plan is liablo to the objection that paper may contain mixed 
fibres of different kinds, which would ho unequally noted on by the 
acids, at the same time tlmt the fibres in the interior of the paper 
are not so readily acted on ns those at tho surface. Those constitute 
weighty objections to the use of filtering paper. 

For further information on this subject seo " Collodion.” 

Q di °k Limb. Oxide of calcium, free from carbonic acid and 
water. It lias n powerful affinity for water, and when “slaked” by 
the addition of water is converted into “hydrate of lime.” The 
heat evolved is so great as to reach 500°, and when tho operation is 
conducted in the dark light is also evolved. One part of lime is 
soluble in 150 parts of water, and the solution is called lime-water. 
Quick lime is used in several metnllnrgio processes ns a cheap and 
powerful flux j and in many chem ical operations as a means of 
depriving other substances of their water. It is highly alkaline and 
oaustio, 

Quiokness ov Lenses. The compm-alrto “quickness of lenses,” 
(as it is termed,) depends purity on l.ho colour of the glass, tho 
number of glasses m the combination, tho number of reflecting sur- 
faces, &c. ; but mainly on thonperturo of tho lens, and its focal longlh. 

It is evident that other things being equal, tho intensity of light in 
>ug image depends first on tliommntily of light admitted, and aeemHllv 
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on the area over which ifc is distributed. It varies, therefore, directly 
ns the aperture, and inversely ns the size of the picture. 

But the size of the picture given by a lens varies directly ns the 
square of its equivalent focal length ; and the area of the aperture, or 
diaphragm, varies as the square of its diameter. Therefore the time of 
exposuro varies directly ns the square of the equivalent focal length, 
and inversely ns the square of the diameter of the aperture or stop. 

In the same lens the time of exposure varies inversely as the 
square of the diaphragm used. For instance, with a diaphragm of 
half an inch diameter the time of exposure must be four times an 
great ns with a diaphragm of one inch. 

The equivalent focal lengths of two different lenses may bo com- 
pared by directing them towards the same objects' from the same spot, 
and comparing tho distance between the same objects in each picture. 
In tins method, however, allowance is not made for distortion. 

Ramsdkn’s Eye-Pie on.. This telescopic cyc-picce is used as a 
focussing magnifier to magnify the image formed on the focussing 
screen or the camera. It is composed of two plnno-eonvex lenson, 
equal in all respects, mid mounted in a tube with their plain sides 
outwards, at a distance apart equal to two-thirds of the focal length 
of eitWr. When using this magnifier, the image on the ground- 
glass should bo nearly in its principal focus. It is used in telescopes 
when spider-lines are placed in the focus of tho object gias3. It is 
sometimes called tho Positive Eye-piece, and is not achromatic. 

Realgar, . As. S 3 , Red sulphide of arsenic. This substance is 
used in making " White Indian Eire,’* (f/, v.) It is easily fused, and 
sublimed. 

Reaumur's Thermometer. In this scale 0° is taken ns tho freez- 
ing point, and 8 0° ns the boiling point of water. See “ Thermometer.’ 1 

Recoveiiy op Waste Silver. A great deal of silver is wasted 
by photographers. Most of it might be saved by a little envo and 
management, Washings containing nitrate of silver should bo col- 
lected in a pan and common salt added, which throws down insoluble} 
white chloride of silver. When this has settled to the bottom, tho 
clear liquid should be drawn off by a syphon, and tho chloride col- 
lected and put into a bottlo. Old nitrate baths may bo treated in 
the same way. When u tolcrnblo quantity of chloride has been col- 
lected in this way it may he stmt to the refiner, who will give nitrate 
of silver in exchange for it. Messrs. Johnson, of Hutton Gordon, 
are purchasers of chloride of silver. Old hypo-baths frequently 



entity of silver, both in solution ns a double hypo- 
sulphite of silver mid soda, and as a black precipitates of sulphide of 
“l 1J }°Ktoto obtain the silver, sulpliuvic acid siiouldbo added 
the Oath 5 this throws it down as a brown or black sulphide of 
silver, winch may be sent to the refiner, who will give nitrate of 
silver ii) exchange for it. 

The best mode of reducing either tho chloride or sulphide of 
si .ver, is to dry it, and mix it in a crucible with about twice its 
weight of carbonate of soda, (common washing soda,) then place 
it in the hottest part of the kitchen fire, and urge the lire with the 
bellows until the silver melts and forms a button of puro silver at 
the bottom of lie crucible. No other mode of reduction is so simple 
and trustworthy. But before having recourse to this process, the 
chloride or sulphide should be well washed in many waters, 


Feb Heat. 980° Fahrenheit, according to Nani ell. 
of a common fire is about 1150°. 


Tho heat 


eb Lead. Pb. 3 0 4 , Hus fine pigment is made by exposing 
litharge to the action of air at a temperature of about BOO 0 , by which 
it absorbs oxygen and becomes converted into rod lead. Tho 
brilliancy ot the colour is reduced by exposure to light. 

Beeleoting Prism, Suppose FGTI to be a glass prism having 

c T) tl , S1 ^ ea an( i the angle at Q a right angle j and let 

All bo n ray of light inoident at B 
perpendicularly to the side G-H. 

This fay. will not stiller deviation 
on entering the glass, but will 
proceed in the same straight line 
till it comos to C. What will then 
happen to it P 

Bmw Cm at right angles to FH, 
and make the angle »Co equal to 
the “ critical angle of the glass. 

(Sea “ Itefrnction.”) Tin's angle 
will lie between 30°, and ' 12 °, ac- 
cording to the refractive index of 
the glass, being the least for flint 
and the greatest lor crown glass. ThercfoVc all rays within the 
glass incident at . G and not lying within the anglo nCo will suffer 
otnl internal reflexion. Now tho angle mCB= 43 0 , and is there- 
fore gnonter than vCo, consequently the rav BO is internally reflected 

amdes lo C A ° WS * rCC{llincar eou "° GE being at right 
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li appeal’s therefore that the back of a glass prism may be used as 
a reflector. 

With respect to oblique rays incident at B. Tt is evident that all 
rays incident at B and lying- within the angle ABH will suffer inter- 
nal reflexion, but between A and G- there will be a limit, for a ray 
BB whoso direction BQ, within the glass makes an angle BQ, II 
greater than oOH, will not Buffer total internal reflexion, but will 
pass through the prism in the direction QB. In order for this to 
happen, the angle PBA must be greater than about 9° when the 
prism is made of dense flint glass. All rays therefore lying within a 
space PI1, nearly equal to 100°, suffer internal reflexion; and 
those lying within P G pass through the prism. 

Beflexion. When a ray of light is incident on a polished surface 
of any kind, it is turned out of its course, and suffers “ reflexion.” 

The law is, that the reflected ray lies in the same plane with the 
incident ray and the normal to the reflecting surface at the point of 
incidence ; and that it makes with the normal an angle equa l to that 
made by the incident ray, on the opposite side of it, but on the same 
side of the reflecting surface. 

In all cases of reflexion a part only of the light is reflected, the 
remainder being scattered or absorbed. 

Beflexion at a Plane Seepage. When a virtual image of a 
luminous object is formed by reflexion at a piano surface, there is no 
spherical aberration in tho pencils, nor any distortion in the image, 
and tho image is situated in. exactly tho same relative position with 
respect to the reflector, behind it, as the luminous object in front of it. 
As these points should be clearly understood wo shall demonstrate 
them with the help of a diagram. 

Lot P Q be a luminous object placed 
before a plane reflector El) ; and let 
PC bo any one of the rays of the 
pencil proceeding from P. Tins ray 
after reflexion at C will follow a course 
G E such that Oil and PC make equal 
angles with 01). Draw tho lino PA 
perpendicular to the plane of tho re- 
flector, and produce it top, making A.p 
=AP. Join ^2 0. Then in tho tri- 
angles PAG, j»AC, which He in tho 
same plane, ^AssPA, CA is common 
to both, and the included angles at A 
are right angles, therefore the angle 
p 0As=P0A, But thounglp E01l=, 
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The following table gives 
fauces. 

Chromate of lead 
Diamond. 

Nitrate of silver . 
Flint glass . 
Crown glass 
Canada balsam 
Castor oil . , 

Turpentine . 
Nitric acid 
Alcohol 
Acetic acid 
Nthor . 

Water 
Air » 


of jj. for a few different siib- 

. 8.874 

* . 3*489 

. 1*788 . 

. .from 1*635 to 1*58 

. ♦ from 1*543 to 1*514 

. . .1*65 

. 1*49 

. . 1*476 

. 1*41 

1*373 
. 1*36 

1*358 
. 1*335 

. . 1*000376 


the value 


Wo have now to consider the case of a ray about to pass from a 
dense medium into vacuum, 

A ray of light on having its direc- 
tion reversed returns by the same path 
as tlmt by which it came ; so that if 
P ND bo a vacuum, P#B a dense me- 
dium, ami^Aj the bent course of a 
ray proceeding in the direction of the 
arrow, if this ray be reversed and 
turned back it will follow the course 
qA p. If then the tingle ^ A N=<p, and 
q A» — f', the equation sme f = /isine 

becomes sine <l> = —sine </>. 

t* 

If i>' bo such that ^= 90 °, sine $ will be equal to ; 


the angle whose sine is — is called the “ Critical Angle.’* 

P -,■■;■■■ - > . , 

Suppose, now, PA to bo a ray whose angle of incidence differs 
from 90° by a quantity loss than any assignable quantity ; it 
will then after refraction follow the course A/Q,, and QA» will be the 
« critical angle.” This angle for plate glass is about 43°, and for 
Hint glass about 39°, therefore less than -45* in both cases. 
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PC A, and ia in the same plane with it 5 therefore y;C A— ECU 5 
Git is consequently in the same straight line with 0/;, Hence it 
follows that the reflected ray CE, if produced backwards, passes 
through y?. But the position of the pointy; does not depend upon 
the distance AC, or the angle PC A 5 it is therefore the same for 
every reflected ray of the pencil from P, Therefore p is the virtual 
image of P, and the reflected pencil is entirely free from aberration. 

In the same way it may be shewn that if Q, be any other point of 
the object, and Q,y be drawn perpendicular to the reflector, BQ, being 
equal to Bg, q is the virtual image of Q. 

lienee it follows that pq the virtual image, and PQ the object, 
are symmetrically situated with respect to the plane of tho reflector 
BE, on opposite sides of it. . 1 

Erfhaotion. When a ray of light pnsses out of one transparent 
medium into another of different density it is bent out of its course, 
and suffers deviation. 

The law is, that tho refracted ray lies in the same plane with the 
incident ray and the normal to the surface at the point of incidence ; 
and that it lies on the opposite side of the normal, and makes with 
the normal an angle of refraction tho sine of which bears to tho sine of 
the angle of incidence a constant ratio, depending on tho nature of 
tlie two media. 

When refraction takes place from vacuum into a medium, this 
constant ratio is called the “ refractive index” of the medium, and is 
generally denoted by the Greek letter it , It is always greater than 
unity. . 

If thetti <p bo the angle of incidence 
<f> “ refraction 

the law of refraction ia expressed by the equation 
sine <£=/t sine <b' 

which is called the '‘Law of Sines.” 

0 . lie sine of an angle is a decimal fraction less than unity, and may 
be found by consulting a table of natural sines. The sine of 0 ° =Y 
0 ; of 90° = 1 5 of 80°=’5 ; and so on. See “ Sine.” 

Suppose then the refractive index of a piece of glass to be BB, 
nnd the angle of incidence of a ray upon its surface to be 87° 18' ; 
required to find tho angle of refraction. 

By consulting the table we fmd thatthe sineof87 < ’18'= , G0599 j— 
t Therefore’ 606 99 ==B64 X sine <t>' ' \ 

which gives sine = -3985 

Consulting tho table again, we find that *89341 is the natural sine 
of 23*10 .and ’39367 the natural sine of 23°ll't theroforo tho 
angle of refraction, <p' ia equnl to 23*10' 20 ", 


Tho following table gives the value of p for a few different sub- 
stances, 


Chromate of lead . 

. 2.974 

Diamond. 

. * . 2-439 

Nitrate of silver . 

. 1*788 , 

Hint glass - 

. , .from 1-625 to 1*58 

Crown glass , . 

. . from 1*542 to 1*514 

Canada balsam 

.1*56 

Castor oil . . 

„ 1*49 

Turpentine . 

1*475 

Nitrio acid 

. 1*41 

Alcohol 

» . . 1*372 

Acetic acid 

, . . 1*36 

Ether . 

. . 1*358 

Water , 

. 1*335 

Air , 

. . 1-000276 


Wo have now to consider the case of a ray about to pass from a 
douse medium into vacuum. 

A ray of light on having its direc- 
tion reversed returns by the same path 
as that by which it came ; so that if 
PNB be a vacuum, P»B a donse me- 
dium, and pkq the bent course of a 
my proceeding in the direction of the 
arrow, if this ray bo reversed and 
turned back it will follow the course 
jAp. If then the angle |>AN=s<p, and 
A n s= <p' , the equation sine </> = psine <p' 

becomes sine «&'=*-— sine <f>, 

If V bo such that 0=90°, sine <(,' will bo equal to and 

Iho tmglo whose sine is — is called the “Critical Angle.” 

Suppose, now, PA to be a ray whose angle of incidence differs 
from DO 0 by ft quantity less tlmn any assignable quantity ; it 
will then after refraction follow the course A Q,, and QA?* will be the 
“ critical angle.” This angle for plate glass is about 42 41 , anu for 
Hint glass about 39°, therefore less than 45" in both cases. 




Now observe what follows . 

wittilfS S !l1 n C deU n e 3ncdium> Proceeding towards A nnd lying 
^emerge and take a direction somewhere 
, V au 6 e 5 ?«* *® ray incident at A whose direction lies 

l t **2 Tt ^ WU K hG aUe t0 ** out of Ue qlass, but will 
suffer total reflexion, as shown in the figure by the ray LAM' • tiro 
LA n bemg equal to the. angle M Am. * J 

cciv d I'" 1 j mp< ?’ tnUC ? of the cri “ angle will now be pev- 

a tntnll'u r lnnCl p Urfnco of a transparent medium may becomo 
as t ?S tl f“ t ' ng 1 and ft block of transparent glass may l>o 

H S W? t0 ¥ lfc as a sheet of iron. It is on this princi- 
pie that the reflecting prism is constructed} (q. v,), 1 

Refractive Index. See the preceding Article, 
of their 1 Sl« 0I E 1Cmn i p eiu ;‘' a,1 y determine the mean refractive index 

kno ™ ^ ”" d 

A more scientific way is to make it into a prism of small amrle 

*■' olosc t0 11,0 al « 8 ' 

tolescone W] „! deviation s receive tiro spectrum upon n 
acS d^liST p 1 ^ t ie (eviflti ? nof tl r«y corresponding with 

by means of a 8uitable instm - 

fraoUvebMie^ spectrum have different vo- 

te Hl(llcC8 ’ tluilfoi,vlo| ct being the greatest, and for red tho 

fo. R oS g ^ 2 s® *“• 11 is 

(luJt' i n™] S '»A? Si ' l0 " S „ SUl, , Sl " , . ,cos " r0 "" vegetable pro. 

““4p SiSt si Sbi cd f ■; :ir°™!r^ "tTss 

gU “' “ d i8 tll0n ««“■& » guM-resin, 
cm.Z vogotaMes to bo product of ante 
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which in goncral precipitates a white powder on the addition of 
nitrate of silver. 

Acetic acid, and also nitric acid, dissolve many of the resins. 

Common resin, or Colophony, is the residue of the distillation of 
turpentine. It contains water at first, and is then yellow. When 
deprived of this by fusion it becomes black. 

Some of the resins are of great use in making varnishes. See 
“ Varnish.” 

Revuhsu Action of Ltgiit. Sometimes those parts of a 
negative which should be the most opaque come out perfectly 
transparent through over-exposure. This is called the “reverse 
action, of light.” It happens most frequently when the bath is acid 
with free nitric acid. Solarizntion, in all the processes, may be 
considered as the first step towards this extreme action of light 
upon iodide of silver, and if the exposure were sufficiently continued, 
the complete effect of the reversion of the lights and shades would 
probably occur in all cases. This reversion may be produced by 
exposinga plate to diffused light for a second or two after pouring 
ou the developer. 

If the latent, or invisible image upon iodide of silver, be produced 
by actual reduction by light, (which is highly probable,) then it is 
not clifllcult to understand how over-exposure may carry the reduc- 
tion to such a stage ns that the reduced material may cease to be 
a substance for which the decomposing pyrogallo-mtvnte has an 
n (Unity. If, by the excessive action of light, the developable material 
in tlio sensitive film be reduced nearly to the metallic state, then it 
is easy to conceive that it could not be intensified, (for we know how 
impossible it is to intensify the metallic precipitate of a glass posi- 
tive) ; while, from its existing in extremely minute quantity, it might 
be removed along with the iodide of silver in the fixing process. At 
any rate this appears to be at present the most plausible way of ac- 
counting for the “reverse action of light,” as it is improperly called. 

IIioe Water. This is sometimes added to the iodizing: Solution 
in tlio wnxed-paper negative process. It is made by boifirig whole 
vice in water for ft few minutes mid then straining,theffiquid. The 
proportions arc quite empirical, and the operation of very -questionable 
utility. Serum of milk is a much better organic, substance to add 
to tho iodizing solution when it is required to obtain the effects due to 
organic matter. 

Book Crystal; Quartz, This may bo considered as pure 

A A 
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silica, It occurs in fine large six-sided prismatic crystals, which 
are extremely hard. The finest specimens come from* Madagascar, 
and the Alps ; the 'Bristol and Cornish diamonds, are also good 
specimens. Rock crystal is used for spectacles, and sometimes for 
lenses, It has about the same refractive index ns glass, and is 
beautifully transparent, and very cold to the tongue. 

Rotten Stone. A mineral found in Derbyshire, It is reduced 
to fine powder, and used for polishing metals, daguerreotype plates, 
&c. When used for the latter purpose, it should be sifted upon 
the plate through a fine muslin strainer. 

Rouge; Colcothar; Crocus. Rod oxide of iron. Used for 
polishing glass, metals, &c. 

It is prepared thus : — 

Make a boiling solution of sulphate of iron, filter it, mid add to 
it a concentrated solution of oxalic acid ; this throws down yellow 
oxalate of iron. Wash the precipitate, and heat it, while still moist, 
upon an iron plate, over a charcoal lire. At a temperature of about 
400 the salt is decomposed, and brown-red poroxido, of iron, or 
“ rouge” formed in a very finely divided state. 1 • 

Daguerreotype plates should not be polished with rouge, because 
the iron clings to the silver and injures the tone of the picture. 

Sal-Ammoniac, Chloride of ammonium 5 q, v. 

Saltpetre. Nitrate of potass ; q. v. 

Sal-Volatile. Carbonate of Ammonia, in powder, mixed with 
ethereal animal oil : 4 ports of the former to 1 part of the latter. 

Sandaraoh. Juniper resin. A resin much used in varnishes, 
and the produce of the Tknia articulnta which grows in Bnrbarv. 
Sandaracli usually occurs in small yellow drops, easily fusible, and 
soluble in alcohol. 

Sa bonification. Sopp is a combination of a fatty acid con- 
tained in oil with a strong alkali. The principal acids contained in 
oil9 are, the stearic, mnrgnrio, and oleic; and when existing in oils 
they arc combined with a peculiar baso called “ Glycerine,” (q. v.) 
or oxide of glyceryle; so that when an oil or fatty substance is 
boiled with a strong alkali, ns soda or pota^ the foelilo base glyce- 
rine is displaced by the more powerful ope, and the results are soap 
and glycerine. This is the theory of saponification. 

^Sealing Wax. The best sealing-wax is made with shellac,; or 
dammar, the inferior sorts with common resin, 



The following- arc the compositions of the test kinds of coloured 
sealing wax ; — 

Bed Sealing-wax - — 

Shellac ■ • • 21bs. 

Tenice turpentine . . . lib. 

Vermilion, or sub-chromate of lead . £lb. 

Blade Sealing-wax — 

Shellac ( • • 2 lbs. 

Venice turpentine , . . lib. 

Lomj) black . . . • 4 lb. 

Melt the shellac and turpentine together with heat, and add the 
pigment ns the mixture cools. 

Common black bollle wax is made thus : — 

.lllnck resin . . • Gibs. 

Bees’ wax . . . . . ilb. 

Lump-black . . . l&lb. 

Neither Venetian red nor red-lead should be substituted for lamp- 
black, because the latter is inert, and not acted on by chemicals. 

Sea-Watbu. Sea-water has been sometimes used in photography 
instead of a solution of common salt. The composition oi the water of 
the English Channel, according to the analysis of Schweitzer, is ns fol- 
lows!— Water A«,.«,or, 0 


Chloride of sodium 

potassium 

* — — magnesium 

Bromide of magnesium 
Sulphate of magnesia 

• lime 

Cftvbonate of lime 
magnesia 


} 


064-74370 

27-05948 

•76552 

8-66658 

•02929 

2-29578 

1-40682 

•03801 


1000-00000 i 

Sen-wnlcr contains, therefore, about 16 grains of chlorides to tlio 
ounce of water. When used for positive-priming it would therefore, 
in general, require to be diluted with an equal bulk of fresh-water. 

The water of the Mediterranean contains a trifle more saline 
matter than that of the English Channel. 

Th© clamminess and stickiness of sca-wntor is' dub. tdlplltesencQ 
of tlio magnesian salts.' Its average specifics gravity is 110271 and 
the average of its saline contents per cent.; ;' v ■ ' 

Seed Lac. See " Lac.” Scod-lao is said to'btf more soluble in 
aleohol than shellac, and therefore to mako blearer varnish. 

A A 2 
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Sel d* O n. An. 0, So 0 2 + 3 [Na. 0, S 2 0 3 ] + 4 H 0. 

This salt is a double hyposulphite of gold and soda, containing 
-ii atoms of water of crystallization. It is made by adding 1 part of 
perchloridc of gold to 3 parts of hyposulphite of soda, each dissolved 
in 600 parts of water. The liquid is colourless, and contains several 
salts besides sel d’or. The solution of gold must be added to that 
of soda, and not the solution of soda to that of gold. In the reaction 
which takes place, 8 atoms of hyposulphite of soda, 1 atom of chloride • 
of gold, and 4 atoms of water, form 2 atoms of a sulphur salt of 
soda, 1 atom of sol d’or, and 3 of chloride of sodium. ’Thus : — 

8 [Na. 0, S 3 O g ] -h Au. 01., + 4110= 

2 [Na. 0, S. f ,0 6 ] + a Sel (for + SNa. Cl. 

, The sol d’or is precipitated from the solution made ns described 
above by the addition of alcohol. It crystallizes in fmo needles, 
which are very soluble in water. \ 

Sel d’or sometimes contains a considerable proportion of common 
salt and hyposulphite of soda. 

Neither hyposulphite of gold, nor hyposulphite of silver can bo 
isolated. They only exist in double salts. 

Sel cVov is used for toning, positive prints. It nets very energe- 
tically if used before the print has been fixed in hypo. The rationale 
of its action appears to be, that the gold of the sel d’or is substituted 
for the silver of the print, so that oxide of silver, plus set ' d’ov, 
becomes oxide of gold, plus the soluble double hyposulphite of soda 
and silver. In this method of toning no sulphide of cither metal is 
formed, and it cannot be considered in the light of a sulphur- 
toning process. When chloride of gold is added to hyposulphite of 
soda in excess, the, gidpluir salt Na. 0, 0 6 , which is produced 

would, if not removed, constitute a sulphur-toning hath. Ilcnco 
the advantage of using scl-d’or, instead of the timing and fixing 
bath commonly employed, And described in the article “ Albumen- 
ized-paper Printing Process.” 

. Sepia. (Gr. oriwia, a cuttle-fish.) Sepia is a fine, rich, brown 
pigment, obtained : ii’b\ri the black liquid which is ejected by the 
cuttle-fish, in order to darken the water when pursued. The sac 
which contains the colour is extracted' from the fish, and the juice 
dried as quickly as possible, ■ ■■- ■ - y , . ' .; \ . ?• 

The colouring matter consists of ; carbon in, an extremely divided ' 1 
state, along with albumen, gelatines land phosphate of lime. 
brown colours obtained by hetiftgon it' with a caustio alkali. ’ $i? : 

. Sepia may probably bo found a valuable pigment for blio 
Plipting .processes in carhop- atid pigments^yin wliiob: bioliromat#|f 
potass is used. as. a mordant when reduoed by light. s 

.. 




SEP , SIL 857 


Sefometeii. (CJt, ot\mo to putrefy.) An instrument invented 
by Hi*. Angus Smith for determining, by means of the decoloration 
and decomposition produced in permanganate oi soda, the amount 
of organic impurity existing in the atmosphere of towns. Ihosn 
organic impurities in the atmosphere no doubt considerably aftect 
photographic operations, and the photographer should not be without 
the means of testing their presence. The aqueous solution of per- 
manganate of soda is of a purple colour, and is decolorized by agit- 
ating it in contact with air containing ammonia, sulphuretted Hydro- 
gen, and sulphurous and phosphorous acids. It- is also decomposed 
by organic matter, being a powerful oxidizer. 


Seuum of Milk: Serum, or wlmy, is the watery liquid which 
remains after the cream and cheese Have been removed from milk. 
It contains a sugar called sugar of milk and some soluble salts, also 
a small quantity of uncoagulated casein.. It is ol great. use in photo- 
graphic printing upon plain paper for giving Buvfacc vigour to the 
proofs without any disagreeable glazed appearance; — and in the paper 
negnti^; 'jirocess it seems to act better than any other substance m 
giving density to the blacks, probably from the presence of the salts 
of lactic acid which it contains. 

The simplest and best mode of making whey for tlm paper processes 
is tb/add lemon juice to skimmed milk in the proportion of about 2 
spoonsful of lemon-juice to a quart of whey. Boil them together 
and strain the liquid through a cloth, which separates it from the 
curd. It should be of a greenish colour and slightly, opalescent. 
About 6 grains of salt may then bo added for positive printing paper, 
and about 6 grains of salt and 10 of iodide of potassium for negative 
paper. The acidity of the whey thus prepared preserves the whites 
of the paper beautifully. v . . 

Whey may bo made by adding a piece of rennet about 3 molios 
square to a quart of skimmed milk, and putting it in a bason on ii 
; hob so as to raise the temperature to about ISO . In half an hotu 
%■ so the cord is formed. This is called sweet whey, frpm,ita . nob 
being so acid as the other. It contains rather more oasohm^u , ■ 

Shell, vo. See “Lacd 

SilicA. Si. 0 Q . Oxide of Silioum. Siliolo hold. %is is a 
substance existing abundantly in nature, and occurring in nearly a 
pure form as Hint, and rock crystal. When ’perfectly pure, nnd tree 
from water, silica exists ns a white insipid powdor, insoluble in i water 
nnd most solvents, and nearly infusible ; but Wlisii. existing m tbo 
form of a hydrate its properties nro very dflleront ; it is then soluble 
to some extent in water and in nokla, and at a high temperature is 

' 
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itself capable of acting as a powerful acid which decomposes even 
some of the sulphates. By .evaporating an aqueous solution of silica 
gclntjnous silica is precipitated j this on being dried becomes again 
quito insoluble. 

Silica, and the silicates, enter largely into the composition of glass. 

Silver. Ag, = 108. The Inina, or Diana, of the alchemists. 

This valuable metal occurs native and also in a variety of combi- 
nations, but principally as sulphide. ■ It is chiefly found among 
primitive rocks. The richest mines are in Peru and Mexico, and the 
richest in Europe are those of Saxony, Bohemia, Swabia, and that 
of Konigsberg in Norway. 

Silver at high temperatures resists the action of air for a long time, 
mul does not oxidize ; but it is easily tarnished by sulphuretted hydro- 
gen, particularly when it is alloyed with copper. It is sometimes 
found crystallized in cubes and oetohedva, and is the whitest of all 
known metals. It fuses at a bright red heat. 

Silver, Oxide op. There are threo oxides of silver, viz. 

Suboxido . . . , Ag 3 6- 

Protoxide . » . . Ag f3 

Binoxidc . , , , Ag Oo 

Of these the protoxide only forms salts. 

Suboxido of silver is produced ns • a grey film when mnmonio- 
nitratc ot silver is exposed to air. It is also produced when citrate 
oi silver, (or any analogous organic salt of silver,) is exposed to the 
action of hydrogen at. a temperature of 212°. The protoxide of 
silver contained in the, citrate then loses one half of its oxygon, and 
the suboxide remains .combined with one half of tho acid. At least 
tins is Wohler’s theory/' but the probability is that tho acid is also 
decomposed, mul ^io compound not exactly a subcitrate of silver. 

Dr. Graham says,. “ The solution!* water of the suboxide salt is 
dark brown, and the suboxide is precipitated black from it by potass ; 
when the solution of the subsalt is heated it becomes colourless, and 
metalho silver appears in it. The salt dissolves of a brown colour in ’ 
ammonia, Several other salts of silver, containing organic acids, 
coin port themselves in the same way as the citvato when heated in 
hydrogen.” 

Protoxide of silver may ho obtained by nddingn dilate solution of 
enlist io potass to a solution of nitrate of silver. It is thrown down 
ns a dark olive coloured precipitate. 

1 1 otoxide of silver is, like oxido of lend, soluble to a slight ex font 
m pure water, to which it communicates an alkaline reaction. Tho 
solution is reddened by exposure to light. This oxido is reduced to 
puro metal at n dull red heat, and to black suboxido by tho notion 
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of light. It stains glass of a yellow colour, and is used in painting on 
glass and enamel. Ammonia dissolves it completely, and forms a 
colourless solution called ammonincal oxide of silver. 

The peroxide of silver is a curiosity of no value in photography. 

Silvee-Metek. This is an instrument for testing accurately the 
quantity of nitrate of silver in an old nitrate bath containing impur- 
ities which affect the S. G. of the liquid, and therefore render the 
hvdromctev useless as a means of testing its strength in silver. 

‘ Th c principle on which this meter acts consists in ascertaining how 
much of a solution of pure chloride of sodium of definite strength is 
necessary to precipitate the whole of the silver contnincdinadoiinilo 
quantity of the nitrato bath. The following is the mode of pro- 
ceeding: — » 

Make a solution of pure chloride of sodium by adding pure hydro- 
chloric acid to a solution of carbonate of soda until effervescence ceases, 
and the acid is a little in excess. Evaporate the solution to dryness, 
and fuse the pure ohlovide of sodium in a porcelain capsule over a 
• spirit lfttnp, Then make a solution of it in distilled water of the 
strength of 17 grains of the salt to 12 fluid ounces of water. This 
is tho standard test solution j which must bo made very accurately. A 
fluid drachm of it will exactly precipitate half a grain of nitrate of silver. 

In order to test the strength of the bath, put a small measured 
quantity, say a draclnn, into a clean stoppered bottle, and add to it 
a little distilled water. Then add the test solution from a graduated 
measure, a little at a time, shaking after each addition and allowing 
' the while chloride of silver to settle each lime, until tho salt ceases 
to produce any more cloudiness in tho clear liquid. The quantity 
of tho test solution employed, estimated at the rate of one drnolmi 
to half a grain of nitrate of silver, will then determine the exact quan- 
tity of nitrato of silver contained in a fluid drachm of tho nitrate bath. 

Mr. G. Wood, of 117, Ghenpside, manufactures a neat form of 
apparatus on the above principle, by which the operator is savod till 
the trouble of calculation. Wo have one of these instruments, and 
find it of great use, and very accurate. 

Sine or an Angle. The size of an nnglo does n6fc depend 
upon tho length of the lines which contain it, hut upotl their inclina- 
tion to one another. This may be measured in a variety. of ways. 
One mode is to find what is called tho Sine of the Anglo, miieli is 

done os follows •. — ■ , , . ’ , . 

In cither of tho straight lines wluoh contain the angle take any 
, point P, and from P draw a povpemlioulnr PN upon the opposite 

i rt'i. — ,'P i*.nll tlm tm (viilni'/rirtin fc A. thn ratio -of- the uernen* 
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^ the hypothenuse AP, of the right angled triangle 
APN, is the sine of the angle at A, 

It matters not where P is taken upon the line AP, for take any 
other point P' and draw a perpendicular P'N' upon the opposite 
side; then the triangles APN, A P'N' are similar, and the ratio 
PN : AP is equal to the ratio P'N' ; AP'. 

Since the perpendicular is less than the hypothenuse (except A ho 
a light angle, in which case they are equal), the sine of an angle is 
a decimal fraction less than unity. It may he found by consultin'' 1 
a table of natural sines. ' ° 

In old treatises on Trigonometry the sine is generally defined by 
reference to a circle of which the radius is unity, but that' plan is now 
exploded. In fhe modern system of mathematics the trigonome- 
trical ratios have nothing to do with ft circle. The sine of on angle 
13 not a line, but n ratio, or number , and has no linear dimension. 
Ii, for instance, ft man wants luilf an orange l\o may say fc Give mo 
sine 30° of an orange,” the sine of 30° being one half, or -5. 

Sines, Law op. The “ law of sines” in Optics connects the 
angle of refraction with that of incidence, in the case of a ray of 
light which suffers refraction. See “ Itefracliou ” 

Size. See “ Gelatine.” 


Sizing op Paper. See “ Paper Making.” 
Soap. See “ Saponification.” 


Soda. Na.O. Oxide of Sodium, 

Sodium, the metal of which soda is the protoxide, has a rather 
less affinity for oxygen than Potassium^ but if laid upon a piece of 
ice it immediately takes. Are and burns brilliantly, 

Soda, which is the oxide of the above singular metal, may oxist 
eiuicr in a pure form, or ns a hydrato. 

Caustic soda is the hvdvato of soda, and its formula is Na.O, ' 
1 r09ei »hle9 m most of its properties caustio potass i and is 
white, opaque brittle, and deliquescent; also very soluble in water 
and alcohol. Its affinity for acids is rather less tlum that of potnss. 

Uuist 10 soda is made from the common carbonato of soda used in 
ci ’.' vln e o* «,e carbomo acid by boat in contact will, 
quick Juno I he common carbonate of soda was formorly obtoinecl 
Horn kelp, but is now manufactured almost exclusively from common 
suit mixed with sulphuric acid. 

Solahization. See " Lxposurc.” 



SPE 


S61 


Specific Suavity. The specific gravity of any substance is 
10 weight of a unit of volume of that substance, at a temperature 
f 00° I'nlit. 

The unit of volume, in the common table of specific gravities, is 
lie volume of that quantity of pure distilled water which at 60° 
Wit. weighs 1000 grains ; and in the same table the unit of specific 
gravity is 1000 grains. 

The specific gravity of. water is therefore 1. 

If a vessel containing tho unit of volume be filled with absolute 
ilcoliol, its increase in weight will bo 794 grains, therefore the S. G\ 
if absolute alcohol is ‘794. , 

If the same vessel be filled with pure concentrated sulphuric aciu, 
ts increase in weight will be 1.842 grains, therefore the S. G. of 
mlphuric acid is 1'842 j and so on. 

Specific Gravity Bottle. This is a glass bottle shaped like 
\ decanter, and furnished with a stopper which w drilled with a 
hole, also with a counterpoise, or brass box filled with shot, which 
exactly balances it when empty. The specific gravity bottle bolds 
exactly 1000 grains of pure distilled water at 60° Baht. Its capa- 
city is therefore the unit of volume of the spccifio gravity table. 

To use it, fill it quite full with the fluid to be tested, and put m 
the stopper! The superfluous fluid overflows through the hole in 
the stopper. Wipe tho bottle quite dry, and weigh it, together 
with its contents, in a delicate balance, the counterpoise of the 
empty bottle being placed in the opposite scale. Tho number of 
grains required to bo added to tho scale which contains the counter- 
poise, and which consequently represent the weight of the fluid, 
divided by 1000, is its specific gravity. 

Speoifio Heat. By tho specific heat of a body is meant the 
timo it takes to cool from a certain given temperature to another 
myon torapernture, when placed in vacuo in a polished silver vessel. 
By somo writers tho spccifio heat of a body is supposed to be its 
«' capacity for heat,” as if heat, which is the undulation of an ethereal 
medium, could bo stowed away among tho particles of a. body. 
Surely tho notion of “ capacity for heat” is absurd. That different 
bodies should require different times to pass from one temperature 
to another involves no difficulty of comprehension, and speoifio heat 
is simply the measure of tho time required. '*■■■ 

Hr. Graham says, “Of all liquid or solid bodies water has much 
the greatest capacity for heat j hence the sea, which oovors so large 
a proportion Of the globe, is a groat majame of heat , and 1ms n 
iniinn.inn in fttmosnliorio temneraturo. Mercury 
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Inoth M S 'nrlff/^ C i 80 tlmt ife is ( + ui<U y heaUd or o°oMi 
nnothei piopoifcy wluoli recommends it ns a liquid for the tlicr- 

? pai ' ting as lt ( ! oes £ reat sensibility to the instrument.” 

foiun and nn’tr y ftmusQ . lmn3Glf b y trying to state in a different 

js lmdulntory theory of hcat * th0 

. W So. 01 ' ft 

rairirf i polished, and white, the time is increased; if 
ough and black, the tunc is diminished. When an ethereal undula- 

° f ? ?° C ! y ’ ifc de l )Cnds wpon the condition of 
the sin face whether t he undulation be continued among the particles 
of ether witlim the body, or whether it be reflected among those 
Sir ext ™ lto tho bo(] y; and conversely, when a body is 
dh mi nf ?; a an(1 lieref T J ndiat j n e b <!at, it depends upon the con- 

eb^lvS « nf VfnCC, - W m f t ,e lm<iu,ntiona of the ether within 
the body be communicated to the ether without it, or returned hy 

interna^ reflexion among the ether within it. A smooth polished 

to thch- dheTnmn ^ ^pT of m ^ons, and unfnLrablo 
l L? Y ? pr ° 1)agnhon ’ Col ° 111, ia doubt owing to a pecu- 
liarity of surface. See “Latent Heat.” 1 

windowT^'nv S n? P08 i l Sm f h ° lG 0f m y sllft P° mado in 11,6 
n tted thmS -f da Jcned room, and that sunshine bo nd» 

, nn , d fci l° ! ght 1,ecei ved upon a white screen, 
placed perpendicularly to the line joining it and the hole • then a 

SSI!: T ,vi11 be ! rf "p™ 11,0 »°°°> “>° ’«"Sb 

oZX'Tr th0 , ,al "" cc of *>» •“«» from the 

imnmirf tlramif l n ? n”'"* 1 *' ™y !jo «>c of tho liolo, tlm 
unn o ol the sun will be round. A triangular hole would not give 

round TtsLi" 8 - 0 ’ n0r °i square liolo a square imago ; tho sun being 
lo. nd, tannage is round; for the image is not produced by aw 

llTctratot „n ! °H *, 1 i r0 ' ,S '' tllC 1,010 " ml f » 1Is >'1™' tho .ora' 
Z '% „r u flBh ll !° slmpo and s i*o ns tho liolo, hut 
o,\ peucils o\ light winch diverge from every part of' the sun nud 

tl -y ira°cT , lhe Cfl s ( !rer 0 n’ er i Pf si, !p the hole, proceed till 

; * . , G f uocn > whore they form a round imago of Lhn sun 

5c « ,C *T " V’ C of 3e?oon°f.-om ' ’2 

f 11 -™ “ Ms M .tfts w? 

ir 80 foot fi ‘”" u >° 1,ol °. 



gencous, the pencils will all be decomposed by refraction through 
the prism into pencils of the different coloured lights of which 
white light is composed} so that the screen, instead of receiving a 
single round image of the sun in white light, will receive upon a 
different part of it as many different coloured round images of the 
sun as there are different kinds of light in white light separable by 
refraction. These images will partly overlap one upon the other, 
and produce a long image of the sun, having belts across it of differ- 
ent colours, arranged in the following order, (if the refracting angle 
of the prism be suitably ^ tntajn,) viz., red, orange, yollow, green, 
blue, indigo, violets which colours are called the “prismatic 
colours,” and the entire coloured image the “ prismatic spectrum.” 
Should, however, the refracting angle of the prism be too small, 
there will be a space of white light in the centre of the spectrum, 
produced by the coincidence of a portion of each of the coloured 
images. 

The reader will perhaps And this account of the way in which 
the prismatic spectrum is generally produced somewhat different 
from the accounts given of it in popular treatises on Optics ; these 
popular explanations generally proceeding on the assumption that 
the light which is admitted through the hole is a single beam of 
light— which is manifestly incorrect. Every photographer knows 
that an image is formed of external objects by light admitted 
through a small hole in the front of a dark box, and received upon 
a focussing screen ; and that this is true, however small the hole 
may be and whatever its shapo. Wo have, therefore, to deal with an 
image of the sun, and not with a single ray of white light. 

It appears, then, that when the spectrum is formed by admitting 
the light through a hole, however small, the bands of different 
colours contain mi admixture of lights of different rcfrnngibilities. 
In order to obviate this evil, M. Fraunhofer admitted the light 
through a long and oxtremely fine slit, instead of a hole, and placed 
tho prism with its edge parallel to the slit, and at a considerable 
distance from it. but even this arrangement is not sufficiently 
exact, for tho additional precaution must be taken of covering tho 
prism with an opaque diaphragm, having an oxtremely fine slit 
parallel to the ctlgo of tho prism and thorefore parallel to the other 
slit, so that tho light from tho first slit may also pass through tho 
second slit. In this way tho spectrum is rendered nearly pure, and 
tho different parts of it free from tho admixture, of other colours. 
And hero it is important to observe that in the experiments of Sir 
Dnvid brewster, m which lie detected white light m every part of 
tho prism in a state of admixture with bis supposed simple colours, 
rod, blue, and yellow, allownnoo had not been made by him for the 



impurity of his spectrum, so that Ins conclusions that Newton’s 
theory was wrong and that tho seven colours of the spectrum nmy 
he reduced to three was founded on experiments conducted in 
ignorance apparently of an elementary principle in geometrical 
optics. 

When a pure spectrum is examined by a telescope, it is discovered 
to be intorseoted by n great number of dark lines, us shown in the 
following figure, and which me called 
“ Fraunhofer’s Lines,” he having first dis- 
covered them. There are nearly 400 of 
these lines. 

These lines are produced by tho inter- 
ference of undulations of light. In the 
spectre produced by light from different 
sources the lines do not occur in the same 
order j neither do they occur at the same 
relative distances when light from the 
snmo source is refraoted through prisms 
made of different materials. In the light 
from the sun and planets the spectral linos 
occur in the same order 5 but in the spectra 
formed by light from the fixed stars, or by 
the electric light, or by light produced by 
the combustion of different substances, the 
spectral lines do not occur in tho same 
order, nor are they equally numerous. 

With respect to the calorific, luminous, 
and actinic properties of different parts of 
the solar spectrum, j—vlt has been shown 
in the article on light, that light, heat, and 
actinism nro ittost probably undulations in 
tbe same ethereal inediuini differing only 
in tho length of the wave j and it is found 
by experiment, that both heat, light, arid 
actinism, are capable of producing chemical 
changes in bodies 5 so that, the term rt ac- 
tinism” merely means that certain sub- 
stances nro chemically affected by certain 
rays (called the actinic,) residing at a cer- 
tain part of the spectrum. 

It is therefore somewhat unscientific, to 
call certain rays “ actinic” because they 
prodneo chemical changes in certain bodies, 


lied. 


Orange. 


Yellow. 


Green. 


Blue. 


Indigo. 


Violet. 


* wmiiii uimiuoj | 1 , | 

and then to say ycncrally that the chemical rays ohioffy lie at tho violet 
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>f tlio spectrum, when wo know flint every part of flio spectrum is 
>lo of producing important chemical changes in some substance 
ior. To say that tlio heat rays reside mostly at the reel end of 
pcctrum, luminous rays mostly in the yellow part, and chemical 
mostly in flic violet part, is so far unscienliiic that it is not the 
nont of a universal law 5 for the effects exhibited by the 
ent parts of the spectmm upon a substauce placed in it, depend 
the nature of that euhdame, and are different with deferent 
anccs. This being the ease, wo have not included in the fore- 
»■ figure of the spectrum the three wave lines of light, heat, and 
ism, with which it is generally adorned in popular works on 
ogrnphy. 

tlu! following table the lengths of the waves corresponding to 
mneipal lines of the solar spectrum are expressed in millimetres. 


Extreme red 

. -00076 

millimetres. 

A . 

. -00074 

J) 

'll 

. -0006870 

it 

C . 

. -0000669 

» 

3) ' 

‘ . -‘0006888 


35 . 

. -0005265 

if 

3? 

. '0004856 


G , 

. -0004296 

i> 

H 

. -0003963 


I . 

-00037 

» 

Extreme violet . 

. -00036 



l’HOULUM Metal. This is generally a compound of about 
nrts copper, 2 parts tin, 1 part arsenic. It is. used for metal 
ictors. The great reflector of Lord llosse’s telescope is made of 
•d parts copper and B 8'0 parts tin, without the addition of any 
nio. 

‘ho word “Truss 11 was omitted in the letter B. Wo may 
jvyo in this place, that brass is a compound of copper and zinc, 
r the addition sometimes of a little lead, tin, anil iron. The 
M metal should not be introduced in the brass used for plulo- 
liicul apparatus. The proportions of the metals in brass for turn- 
are as follow 5 — 

Copper . . CI O parts. 

Zinc . . . 35'3 „ 

Leud . . .2-9 

Tin, . . . • 0-2; „ 

h’EiutAOETi. This substance is sometimes used instead of wax 
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m photography. It is a soft white crystalline substance, precipitated 
hom the oil of the spermaceti whale on cooling after the death of 
the animal, It is purified by pressure and boiling in a weak solu- 
tion oi caustic n)knli, after which it is washed, molted in boiling 
water, nncl cast into blocks or cakes. It is soluble in about CO 
parts of alcohol S, Cf. *820. Pure spermaceti is certainly better than 
impure wax in photography • and, from its being softer nncl moro 
easily molted, it penetrates the pores of paper more readily, 

. Standard Gold. A sovereign weighs 6 dwts. 8*27 grains, and 
is composed of 11 parts gold to 1 part copper. The standard gold 
oi 1' ranee contains 9 parts gold to 1 part copper. 

Standard Silver. Standard silver consists of 11 -10 parts of 
silver and ‘90 parts of. copper. A shilling weighs 8 cbvts. 15-27 
grains. 


Standard Spirit, A mixture of alcohol and water, having the 

ii , f r, Fahrenheit. It contains very nearly equal parts of 
absolute alcohol and water. . 1 


Starch, G 1B ir i0 O 10 =12 atoms of carbon and 10 of water. 
Ilns substance occurs abundantly in vegetables, and is generally 
obtained by steeping the powdered grain or seed, or the raspings of 
the root, bulb, or stem in cold water, which- becomes white and 
turbid, and, after being strained, deposits the starch in the form of 
a white granular substance which is then dried at a gentle beat. 

“ Common starch is manufactured from flour. Arrowroot, tapioca, 
and sago are difteront forms of Starch. Starch is frequently made 
from potatoes. . 1 J 

When starch is heated to a certain temperature, it becomes .con- 
verted into a gum called “ Dextrine ” (q. v.). It forms a blue com- 
pound with iodine, called iodido of. starch, an aqueous solution of 
which is b enched % light: it combines also with sulphuric acid, 
louning sulphate of starch, and with lime and baryta; also with 
tannin, March becomes converted into sugar by the action of an 

dflu\Tncufs nnC11) 6> CaUed "■ Diostase >” nncl also V the action of 

, .?. tnroh f i^oluble in cold water, alcohol, and ether. When 
boiling water is poured upon it, clots are formed which cannot 
“ be f ffllS n d tlu ' 01 # water - Solution of starch is best 
% P ° mK ) fc ' ie *tareli, and mixing it thoroughly with cold 
water ; then adding hot water, or boiling it, stirring it imiformly 


mil il » gelatinous mixture hi obtained. A holulinu of hIiii’cIi ih 
auppotied to consist of tho gimmlca onmdderulily distended uiul dil- 
file'll through tin* water. When, however, tin*’ indurated t*nv<‘lo)i« 
of tlio atareh ImruK tin* eonteuh mo distributed through 

the water, rrnil form ti I ivmspnvciil, gckitmnUH liquid which, on cool- 
ill}?, throws down mi o}iHlesoenl deposit, The mihstauro hold in 
solution in flu* flour liquid him been culled “ Amiiunr," 

Ktkauink. < < » r. nritifi snot,} Tim j>riiioi|ml coiiKtil tiriil of solid 
f«t«. It is composed of stearic acid in combination, with glycerine. 

Srr.it WHCoim, <<»*•. «rrrf»c«»v »olid, nnairtio 1 hoc.) Thin i« nu 
mMrmnoitl fur exhibiting two plane pernpoelive views of mi object, 
taken from dilloir»!iil ntidioiiH, in* uim having the ttppeanmco of 
solidity. It is the invention of I'rofesMor Wheatstone, und wan first 
nmde jiohlic imd the theory of it explained by him in the year IMS). 
At that time the picture# were exhibited by uicima of roll'cctora, but 
the inventor annulled llml lensew might he lined instead. Home years 
after this, mi instrument was brought out by Sir David Brewster, 
In which small photographic pictures arc placed in n dark box, and 
viewed through Imlfdomit* mounted in tubes; mid, mam after tlm 
introduction of that very imperfect instrument, Messrs. Knight, of 
Kosler lame, patented an improved form of ulomwcopo, in which 
Ifirtjf wemideinws arc lined, mounted in the front of the instrument, 
without tubes; and thin, in the course of lime, became ho generally 
preferred to the other, m to Miper»cde it to a great extent, Hut it 
wan hi ton found that the #wm«len»eH, whether large or hiuiiII, pro- 
duced an uuhenrnldc amoniil. of distortion in the solid pieturc, 
making straight liuea look hh if they Were concave to tin* spectator ; 
no, in oriler to obviate thin evil, ir/iu/r lenses were Ivied, mid ihcau 
were found to aimwer in cerlniu notes. Hut im the theory of tlui 
Itmlieulnr nteroomipo is even now hut litlht understood hy opti- 
cians or the public at large, it um not perceived Hint, in order to 
render Unit form of imdrnmcnt perfect, it wiw necessary not only to 
mio whole lenses to gel rid of the distortion, Imt to take the 
pictures in a camera, Ntiiluhly cowdrueted, ami mount them pro- 
perly. The popular form ol the wlereomipc ns imimifhetuml by 
Air. Knight, ami called by him the ('oBinoramo Steroosoope, is 
however, untwilh«lcudiug i r t» defects of principle, a very amusing 
hiaUuiurut, and il is not till tlm spectator lifts become familiar with 
the true jiriueijilea of alcremuropie reiiresenlntioii that the defects are 
perceived. Vve ahull endeavour, then, lit the proMcnt _ article to 
explain the theory of the atereoncope in ft clear ami inlelligiblo 
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manner. But the reader must first consult anil study tho nrl ide on 
“Binocular Vision, 1 1 for it is here assumed that tho priudpUtss 
of binocular vision are clearly understood. 

Theory of tho Stereoscope . 

The theory of the stereoscope consists in showing* — first, I urn* 
the instrument may be employed to represent things iruti fully »«* 
we see them in nature; secondly, how it may be employed to repre- 
sent them falsely ns we should see them if our eyes wore whirr 
apart; and, thirdly, to explain how it happens that distortion m 

introduced by using an instrument of improper construction 

straight lines being represented by curves, and so on. 

Let L, It be the eyes of a spectator; A, C, B lamp posts of 
different heights having lights, or luminous points, A, B, (.!, fit tho 
top. Draw the visual rays L A, L C, L B, It A, B (J, It D. Cut. 
tliem by a vertical plane P Q, parallel to tho line which joins L and 
B._ Then the points a,c,b, a, of, where tho visual rays puss through 
this plane will be the images of A, B, C, ns seen from tlto h( ul ions 
h and B, P Q, being supposed to be the plane of a perspeclivt* 
picture. ($?e “Perspective.”) If the piano P Q bo placed mt 
shown m the figure, so that the perspective view ns scon flou t ] . may 
be completely exterior to that seen from B, the pictures will 1m m 
represented on a card beneath L and It. (See the Lower Part of 
the Figure.) 

. Now if tho perpendicular distance between L and tho plane PO 
bo suoli that the points a,b,o y can be distinctly seen by nix' eye ut b, 
--tlmt is to say if this perpendicular distance be not too short Tor 
mstauct vision, and. if we place the card PQ, before the eyes, as in Urn 
ngure. the rig it .picture being cut off from tho loft eye and the left 
picture from tho right eye by a partition, as shown in the figure, I lian 
ins cndof8Mittg:fe° piotures abo, <tbo> only one image will ho seen. 

„ Inf to he tho lights A,B,Cin their nn- 

M po^°n, and: fd:tlmir true distance. Bor when the loft eye k 

Km d 7JF the ' the, right eye is directed to * along 

Kite Tl Produced moot at A, 

T>n ™ s Pectotoi instead of seeing two images «,«, upon a plant 

\ at ! the fr di8tallC0 *l do tmo poailioa 

0 the light A. Similarly with respect to tho other images 0 o h e 
which combine and produce, single (mages at B: Jl 0 ^ ‘ 

or ABB ai ^ e? of the angle A . LBi 

be placed fromT ^^.^^etetlier the plane PQ may 

placed bom L and B, and therefore the more busy it wM hi 
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come for the images M,c, to be seen distinctly by persons of ordinnw 

Ses 8 7 “ ? ^ 

JJ thon *-?> llie an 6' le ALB may be about 10°. 

Now we come to the principles of the stereoscope. 

suppose we place at each of the stations L.Ii, a pliotoirranhiV 
° f 8 ™l>« focus, and adjusting tlfesc P c»- 

S v ‘ tU u,ws strictly parallel, take the pictures of A IS 0 

™ IW ■* ° f T1 >“> wta. those pictures „™ pmpo'S 

mounted they will be identical with the perspective views of A ]/ 

C, upon he plane. PQ ; and if placed it a box hnvi7a partition 
m the middle and holes to look thromrh nt V 1 1 n ? 

th7ltol^s^vfu the spectator on looking through 

» sll >6' 10 of the points A,B, 0, at their 
tine distance and m their true relative positions. 

cf° a rXSZneI take ‘ 1 “ n ‘ lvi ™ a i,lit '«e the inexpressible 

tl.i°SLn 11 ™ y H" asket1 ’ m lenses ™flccte» P To 

tius question we will now endeavour to reply. 

of o7,!Lt7bl n l^ T^f f J ‘ eosco P fi > When adapted to persons 
oi ouanaiy sight, does not include an angular field of more than 1 6 0 • 

a^afffisBfAssi'saasrsi 

in wSt JPlnou'S a whole lens of 5 inches focus 

^Sed0.^ir«c f ,U„f n li e ? 0 ^ 

o^« tC ca pitul „ towlmt 2“ bcon ^^a^ 

The Lenticular Stereoscope. 

taken at 6 iSs ana • in all n # fcho sfcntioils nro 
of it is correct.] P U ° ther re8 l )fiets ll0WG ver the principle 
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The best construction of the Lenticular Stereoscope for exhibiting 
paper pictures, (kata-positives,) is shewn in the following figure, 
which scarcely needs explanation, 



The whole louses fixed in the front of the box are placed 2£ inches 
from centre to centre, nncl should not bo leas than 1 inch in diameter. 
They should be of 5 inches focus, and achromatized meniscus lenses 
with tlio hollow side outwards, in fact tho same lenses ns those used 
for taking the pictures, which may be unscrewed from the camera, 
and screwed to the stereoscope. Tho back of the solid box should 
have holes in it as represented by the dotted lines, and also a parti- 
tion in the middle. The holes should bo 2vj- inches from centre to 
centro, and their diameter determined by trial. If tho front box bo 
2-i inches deep, the back diaphragms should bo a trifle more than 1 
inch in diameter. A set of diaphragms of different sizes to fit in tho 
back of tho front box would bo a useful addition to the instrument. 
The inside of tho front box should bo properly blackened. Tho 
pictures may he circular, mounted 2$ inches from centre to centro 
and about 2} inches in diameter. By tho centro of each picture is 
meant tho point where the axis of tlio lens cuts it. In mounting 
tho pictures this is tho point to be considered, and no reference what- 
ever is to be mndo to any of the objects in tho pictures. These are 
always nearer together than 2J inches, when mounted. The moun- 
ted pictures are fastened by springs to a slider which moves in a slit 
in the bottom of tho stereoscope, so that tho distance of the pictures 
from tho lenses may be varied to suit different sights, or for trying 
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S fl!!T! tS lie p; 01) 1 er dlstnMe > however, being 5 inohes, which is 
mi r i li ng i ° f r he l6 T es - The l )icfc,u ‘ e9 9ll0llld bc mounted upon 
o u °I d . er . t0 imke the ob i ects appear mom distant 
than the cardboard, that is, m order to make them appear as if viewed 

dirougb a circular hole nearer to the spectator, the following- rule in 
mounting- them should be attended to. Just before trimming the 
edges, mount them temporarily 3^- inches from centre to centre, upon 
apiece of cardboard, with pins at the corners; then measure the 
stance between the nearest object in each picture, (tin’s will be less 
than 2 a inches, probably not much more than 2 J- inches,) and take 

W nT! - a 10 less thah tllis for ««> diameter of the pictures. 
Wi h half this diameter as radius, and the centre of the picture as 

margL^equimd 0 C> * cil ' C,e 011 each l )icfcur0 > which will bo the 

Ineondusio^wewmdd observe that the object of talcing the 
pmS T os on inch m diameter is not tlmt the margins of the 
I™ll if - lV b . e look „ ed tlu ' 0ll 8' b > but simply because when they am too 
- 1 ^inferences are seen b y tlie oyes and form two inter- 

S-f 3 Upon tbe sohcl P lcUu ' e - Were it not for this circum- 
stance the lenses need not exceed half an inch in diameter. 

• A V;L s ei ' eosc °P B ^' exhibiting transparent pictures, (dia -positives,) 
. ] sam ? f ei f nd form as Knight’s Oosmorama stereoscope, the 
above P bCmS 16 8ftme aS tl,nt of k* 10 Stereoscope described 

^ T V onl / explain the exact effect of the lenses 

t0 5° ftt tllG comin °nccmeiit 
^ a lens of focus l) 1 were placed at L, and the eyo 

trShfhfrJnh!; dlvev 8 ln S li' 0 m b would after refraction 

ravs H f hn r b ° con y orfced i,lto a P oncil of pnrnllol 

f ^ deviation, so that the eye would see the point 

i™ ^i 8 wew that is lug 

tiie line LiB, but would have loss difficulty in bringina- to a 

.foci-a upon the return a parallel pencil tlmn oie diver B i?Aom n 

r‘ S + nc " Whei1 t, « !ref » ra ‘1“ oy» is placed so cta! l™C 

cnHon” iff a " ng8 l0tIy f 1 ' 1 ' 01 ’® 1 ' its contra “°™ is mngnill. 

. b . e P 1 , 0 :® 4 " Httlo distance from the 

1ml till, I tf 1 w “V 10 s “ ° objccts exac % tlirongli the centre, 
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scope that lias been described exhibits pictures, when property taken, 
in such a way ns to represent objects precisely as they would appear 
to unassisted vision, so thnt natural truth is perfectly realized. And 
the reader will particularly observe thnt in this form of stereoscope 
the images are not displaced or caused to overlap by any optical 
contrivance. How then, it may ho asked, is the effect produced ? 

Let us examine carefully the pictures upon the card PQ. 

In the first place the points a, a, — b,b , — c,c, are upon the same 
horizontal lines, which is simply because the cameras had their axes 
parallel, and not converging to a point ; (Sec remarks on page 65). 

In tho next place, if wc measure the distances a a, bh, cc, wo find 
(in the greatest because A is the most distant object; hh the next 
because B is the next object in point of distance ; and cc the least 
because 0 is the nearest object. But all these distances aro less than 
L It. If, however, in addition to tho three lamps, a fixed star I) were 
introduced in any part of tho picture, the visual rays LD, Itl) would 
be parallel, and the points d,d, where they cut the’pictures would be 
at the same distance apnvt as L and It. If then wo join L,Ii, with 
points o,e, nearer together than L and It, (and in the same piano 
with them) the lines Lo Itc meet at a finite distance C ; but if wo 
join L,E with points d,d, at tho same distance apart as Land It the 
lines Id, lid are parallel, or only meet at an infinite distance. Hence 
it follows that in mounted stereoscopic pictures the furthest objects 
are the widest apart, and the nearest objects tho nearest together ; 
objects at an infinite distance only being ns far apart as the distance 
between tho eyes. These considerations will explain at once why it 
is that thcro is no necessity for displacing the images of the pictures 
by half lenses ; the objects being sufficiently displaced by tho pers- 
pective in the pictures themselves, and any further displacement being 
wrong in jn’inciplo. Tho Brewstorinn stereoscope has thereforo 
been a step in the wrong direction, and tho error has to bo pointed 
out to the public, and the work begun over again. 

We have now done with tho Lenticular stereoscope. Its defects 
are those whioh are inseparable from all optical instruments in which 
lenses are used, and the pictures are so small that it is impossible to 
include in them the same amount of detail ns in larger pictures. But 
at tlm same time for many purposes tho smallness or the pictures, 
involving but a small expenditure of material and permitting the 
use of a light and portnblo form of apparatus in which both piotures 
may be taken simultaneously, is a real advantage. 

We now proceed to an account of the reflecting stereoscope. 



4 


STE 


The Reflecting Stereoscope, 

. ‘ R ®f emn & to ttie % lu ’ e at the commencement of this article. If the 

ZZT f e , CUfcby ?.l ,3ane M in9tond ofP Q the pictures will be 
lnxgei than before, and instead of being entirely exterior one to the 
other, will overlap, and be mixed together so to speak. But if we 
take the pictures in cameras placed at L and It, with lenses of focal 
length Lm or Jbi, haying their axes parallel, and then by means of 
reilectoia throw the virtual images of the pictures so taken into their 
pioper positions on the < plane pq, and view these images by eyes at 
L and It, a truthful solid image will be produced, as in the former 
case ; because the left eye will not then see the picture from the 
light station, nor the right eye that from the left station, 
llic arrangement is exhibited in the following figure •— 
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After what 1ms been said on the subject of the lenticular stereo- 
scopo the foregoing figure will only require a few words of expla- 
nation. 

The reflectors are placed at right angles to each other, and the 
pictures at right angles to the dotted line, or base, passing through 
the angle formed by the reflectors, the distance from that angular 
point being equal to L m or lln, and therefore to the focal length of 
the lens with which tho pictures arc taken, The distance of the 
middle points of tho pictures, (that is the point where the axis of 
the lens cuts them,) viz. m, n, from tho dotted base is half the dis- 
tance Lit. The pictures are taken in a non-reversing slide, so that 
their images on the plane pq as seen in tho reflectors, arc not re- 
versed 5 this is an important point to attend to. 

Tho imago of the left hand picture is pub 5 that of tho right hand pic- 
ture qua, the lines pi, qa, being separated for tho sake of distinctness, 
but in point of fact the images lie on the same plane. The left eye 
cannot of course see the imago of tho right picture, and vice vend, 
so that tho images overlapping produce no confusion. The imago 
of each picture and the picture itself are symmetrically situated with 
respect to tho reflector by which it is viewed. 

All this being understood we come to the mode in which the 
instrument acts. 

A pencil from b in the loft picture, after reflexion at the left mirror 
enters the left eye as if it had come from the point b on the line p b ; 
the point b is therefore seen by the left .eye in tho direction Li. 
Similarly, a pencil from b in tho right picture, after reflexion at the 
right mirror enters the right eye as if it had come from tho point h 
on tho lino qb ; tho point b is therefore seen by the right eye in tho 
direction Bfl. These two lines Iti, Li, are tho instantaneous direc- 
tions of the optic axes, and being produced they meet at B, which is 
tho true position of tho object B. Similarly with respect to the other 
objects A, 0. Therefore by means of the reflecting stereoscope a 
true representation is afforded in natural relief, and actual distance, 
of tho objects in tho picture. 

Tho reflecting stereoscope is not open to any single practical or 
theoretical objection. As an optical instrument it is absolutely 
perfect, being subject to no defects of distortion or aberration. l?ov 
any scientific purposo, therefore, the reflecting stereoscope should 
always be preferred to tho other. The reflectors may bo made of 
polished speculum metal if objection bo raised to glass mirrors, and 
tho pictures may bo taken simultaneously in a camera with double 
louses £■§ inches from centre to centre, constructed as shown in tho 
following figure, which explains itself, 




bu doublwefleotil, S “ m ®“ llon-revorsiug slide need not 
l»cta!T ^ r0m ” iM t0 ndtl a {mv Mmn *> °« t»Wng stoi-ooscopio 


WifesfindS fcsS ?f, takil, e 1,10 wWta nprat 

• , i t o parallelism of the cameras being still nreservodi 

wl»r mo FSet r ■ t m<1 tllnn *% M» ta nfitui'o, 
V fc Ustant „ ob J ects V6m( un in tlieiv true position This 

hQmm f? stereoscope is intended 
that, by uivinir bol/W wii fT 86 ?- 5 a,u l it inny happen sometimes 

“» » e«.s s-sssriw' “ 

m r? " re if* “ «“> at 1 

the cl™ W ™ l ™ e T‘ W 03 tlle «oh»m of 

,e t„: ta i,r tek f e v er ' v wU ° 

be preserved the mVhivM l )ma ^ ellsm of the onmeras • 

screen, besides ])p?no- i n v pfn’tly thrown outside the fooussing 
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the instrument ; it would require a separate treatise to follow up 
tho subject through all the modifications winch it may assume, 
Enough has been said to enable any intelligent render to think out 
tho remainder for himself. 

Tn printing stereoscopic pictures from a negative, taken in a 
double-lens camera, by contact in the pressure frame, it must bo 
borne in mind that the print requires to be cut in half and the pic- 
tures transposed, in order to bring tho picture that was taken from 
the left station before tho left eye in the stereoscope, and vice vend. 
If this be not attended to, a pscudoscopic effect is produced. 

In printing stereoscopic transparencies by means of a lens, the 
following plan may be adopted • 

A copying camera, rather more than double the length of the 
stereoscopic camera, is provided, and the lenses of the stereoscope 
are fixed in the middle of it ; there must also be ft partition divid- 
ing the camera in half lengthways. In this way the left lens copies 
the left picture at tho same time that tho right lens copies tho right 
picture. Tho negative must be placed with its back next to the 
lenses at one end of the box, and the sensitive positive plate in a 
common slide at the other end. Tho camera is then directed 
towards Tho sky, and the wet collodion process employed. An 
exposure of a few seconds is sufficient. The positive need not be 
divided and tho piotures transposed, for, when placed in the stereo- 
scope with its plane side next to the lenses, and a ground glass laid 
against the film, the pictures are in their right position to be viewed. 
By putting the lenses midway between tho nogativo and positive, 
tho positive becomes of the same size ns the negative. Tho best 
lenses to employ are portrait lenses, with a small stop between tho 
back and front lenses in each. 

In the stereoscopes and stereoscopic pictures commonly sold 
there are tho following serious defects : — 

1st. Tho pictures are frequently taken in converging cameras, 
and then mounted upon tho same fiat surface. 

2nd. Tho piotures are generally mounted so wide, apart that tho 
most distant objects in each arc wider apart than tho d.istaneo between 
tho centres of the oyes. 

3rd. An attempt is made to obviato the. evil produced by the 
above practice, by using semi lenses in the storeosoope which dis- 
place tho images, This of necessity produces distortion, because 
straight lines are always represented by curves when tho outside 
part of a lens is used to view objects through, instead of the centre. 

4th. The displacement of the images is in general so great as to 
cause the optic axes to converge to points situated within two or 
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Tile effect 'oTthia'Tto 'mafe'tk ^4™. ‘I isllmco of 11,0 objects, 
model of the Object, which thc „ f pi ° ™ look Hko n email 

gone"S , :St 0 o f ft! eMCS 0f *» i. i„ 

moltee. This makes objeota I . 1 ™ 9 '? “ ‘ ! e c " mo ™ » only ,J 
nnttu-e. i ct3 a Pl )etu m ucli smaller than they do in 

look very near, veiy smalT/and distorted P ° Th pi f CtU1 ‘ es mnke ol) i ecfc 9 
and recommended in the present nvttu ? st oreoscopc described 
true sine, at their true distmice T kes tI,om look of their 

In this article the term “ pci ' c 1 ° i:,tibl0 distortion, 

?**• ?'he employ, non! of tld L m htt8 1 bee,l 1 S0 ™M times 
jeetionablej we do not, however know? P°!' la P s 1,0 thought ob- 

SSg upon hy 11 0h,u 

having the true effect of solidity. This residt T] ■ i S,,lgl ° P icfc,u '° 

A 7IZ?T d ° XiC ^ is .« c iplished thus-- ° h Wfty at iirst 

Magnified images*' ^Xem^i-eXn^tj^ 185 ^f 0 ' 1 in fchc xmal way. 
lenses (one for each p£S»W^h^r* by TT* of a P™ of 
screen made of coawdy ground dMaT. m a lm ‘8'0 upright 
verging at a suitable angle tL L„ e f n f XCS tIlG lenses con- 
distance of a few feet m ti£ ..° spectator then stands at a 
with both eye, 5 ft 1** «a i 

the right hand lens is seen bv the Ip ft N 10 lmn 8' e formed by 
hand lens by the right eve in nr, ^ aQ d that formed by the left 
°! fcIie gl a fs, which is fillecf with “ ° f ^ phoned state 

stereoscopic effect is said to bn n ! tinnspnrent spots. A true 
“nation of the images!^ F ° (ll,ced 4 by the coX 

Wflt f r » ™ n( le into enkesj and°Lied iS V n ^ 8tar °l l > moistened with 
used instead of indigo, ' ® om °tnnes Prussian blue is 

Succinic Ac id rr 1 cv • 

rom amber by diamSwithS'm^ 0 ''! t* " oi(1 “btninod 
most powerful organic acids and fhrml T * • , lL 18 0110 of the 
metallic oxides called succinates W S t aU V Vlth t!, o alkalis and 

1,ght> ,UUl haS beft “ « 8G ‘l in pi mt'ogi-apldo'exper j meats d#ltelcd * 
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Sugar. Tin's is a substance extracted, from the sweet juices of 
a great number of plants. There arc two principal varieties, viz., 
cane sugar and grape sugar. Tire latter variety is described in a 
separate article, q, v. 

Cane sugar is for the most part obtained from the sugar cane, 
but it exists also in beet-root, in the sap of certain species of maple, 
and in the stem of indinn com. ft is crystalliznblc, and tho crystals 
nsually occur ns six-sided prisms with fiat and irregular ends. ‘ It is 
soluble in about one-third of its weight of water, but more sparingly 
in alcohol, boiling absolute alcohol only taking up about thp one- 
eightieth part of its weight of enno sugar. It is dimorphous, exist- 
ing in the crystalline form ns sugar candy, or white sugar, and in an 
amorphous concrete stato ns barley sugar, which is produced by 
rapidly boiling down the syrup till it solidifies in a transparent mass 
on cooling. 

Cano sugar is powerfully acted on by sulphuric acid, which takes 
a portion of the elements of water from it, and produces a black 
magma consisting chiefly of carbon. It is converted into grape sugar 
by tho action of dilute acids, and also of cor tain azotized. principles 
called " ferments.” 

. Can e sugar combines with some of the alkalies and metallic ox- 
ides. 

Sugar of Lead. Acetate of Lead ; q. v, 

Sugar of Milk ; Lactino. A sugar contained in ivliey, and 
obtained by evaporating the whey to a syrup, and allowing it to 
crystallize. It has a feebly sweet taste, is very hard, niul feels gritty 
between the teeth. It is slow and difficult of solution in cold water. 
It combines with protoxide of lend. 

Sulviiate of Iron, There arc two sulphates of iron, thoproto- 
sulphntc, or sulphate of tho protoxide, and tho persulphate, or sul- 
phate of the scsquioxidc. 

B-o^-sulp HATE OF Iron. l?e. 0, S 0 8 +7 II 0=188. Tin's 
snlt, sometimes called “ Green vitriol,” is obtained by noting on iron 
filings witli dilute sulphuric acid, evaporating, and crystallizing. 
When pure, and free from persulphate, the crystals arc of a bluish 
green colour, freo from red stains, and in the form of oblique rhombic 
prisms. They are insolublo in alcohol, which deprives thorn of water 
and precipitates tho snlt ns a white powder 5 — -and soluble in rather 
more than nil equal weight of water. In .dry air they effloresce 



oE sulphuric odd dissolves °^ V1 + par , t of ,likl ‘° iu *0 

tlte #tiou «m y t *£iS£ StaHS^ 200 °' mA 

separates from it. y ulutpu before sulphate of' silver 

Proportions with most 
called ** sulphides. ” g laments, mid foims compounds 

" lXW ™ E ° P AMM0MM - "Hjdresidplmto of Animonin. ” 

“™ IM ° r S0DTO11 - "Artificial Ul tamiu . ille . j. 

■ of Silver. As- S • <• 

! \ Tarj , oti f fonils * sometimes Svatnintp!? — 1 ! nnernI °<wm» nnfcivo 

S3^^ ! £*S5rr*« 
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Sulphuretted hydrogen, and hydrosnlphato of ammonia, throw down 
a yellowish black precipitate from a solution of nitrate of silver, which 
is believed to be sulphide of silver. 

Sulphide of silver is decomposed by ft solution of chloride of copper 
containing- common salt, the products being- chloride of silver and 
subsulphide of copper. No decomposition, however, takes place 
unless salt be present. 

SuLPuun, S—lfi. A yellow, crystallized .elementary body, 
found chiefly in the neighbourhood of volcanoes. About 20,000 tons 
are consumed annually in England, and are imported chiefly from 
Sicily. 1't exists abundantly in combination with lead, conucr, and 
iron. 1 1 

Sulphur is highly combustible, and burns with ft blue flame, pro- 
ducing sulphurous acid. It is insoluble in water, and permanent in 
the air. _ It volatilizes at 180°, and fuses at 220°, When heated 
to 800°, it becomes viscid and of a brown colour} if it be then poured 
into warm water it becomes soft like wax, and may be used for taking- 
impressions } it becomes hard when cold. 

, Sulphur is soluble with difficulty in alcohol, but is more soluble 
in sulphuric other, and still more so in volatile oils, turpentine, and 
mkalmo solutions. Milk of sulphur is sulphur precipitated from an 
alkaline solution by an acid. 

Sulphur Tonin a. When an argentine photograph having the 
reddish tint produced by the combination of snboxido of silver with 
organic matter is placed in water containing a small quantity of sul- 
phide of ammonium, the tint gradually changes from red to purple, 
and thence to green-yellow. This is called sulphur toning, the 
yellow substance being supposed to be sulphide of silver iu an ullo- 
tropic state j or it may possibly bo a bisulphide of silver; or a double 
sulphide of silver and ammonium. A similar result occurs when the 
print is placed in a bath of hyposulphite of soda containing unstable 
sulphur salts, or unstable compounds of sulphur and oxygon, or free 
sulphur in a nascent state or state of fine division, exhibiting a milky 
turbidity in the bath produced by the addition of an acid to it. 

The chemistry of the sulphur toning of a red argentine photograph, 
although probably a very simplo matter, lias not yet been investigated 
by, any chemist of eminence, and the subject clearly made out, although 
oneoi groat importance, for thousands of pounds arc annually wasted 
by^photographors in the production of perishable prints. 

The ordinary fading of positives appears to bo nothing more than 
the sulphur toning process carried to tlio yellow stage, in consocpience 
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of the presence of n destructive sulphur salt which cannot 1.«.i mnovwi 
from the paper. ^ The combination of organic matter with the mUmr 
may have something to do with the result, ancl with, the oompoftiltCHft 
of the yellow substance. Photographs of a black tint, produced lry 
development, and containing a much greater quantity oi* inntoml 
than sun-prints, and that in a form much more nearly metallic, mn 
found to be vastly more permanent then tlio latter. 


Sulphuretted Hydrogen. See * 'Hydrostilphu rio Acid.” 


Oil op Vitriol. SO s j or when hydrated* 


Sulphuric Acid. 

HO, SO s . * - -* 

This important article of manufacture, of which nearly n hundred 

‘ are , nind ? a, ™% in Great Britain, iaingonoml pm- 
ceu by burning together m afiivnnnA n 


thousand tons are made annually in Great Britain, is in general 
tl!emo by b . u . ,7U, ^ t0 S, eth ® rin a furnace n mixture of sulphur and ultra. 
of n4ro P rtl ° nS Vnryingfr ° m tho ^e-eighth to the ono-twonliulh purl 

ttt: 


" ««iu/4MeuubCU u'JMl 

S uired the S G ofabonfi'^T 7“’ " IKm " 10 W(Uor » 

h » t rra> 

s=Sj^i£«S,^r?f l v?-' fiSi 

ferred to carboys, flar<re p-inqq u,,, fl concentrated lucid is l.rfuiw* 
which contain 100 lbs. ^ ^ ott (iS covo, ’ e d Wlt h wickerwork,) 

«cid S& a ph, 8 Satomof water ^Itis . n,,1 7 dr01,s miJ p1»urie 
and very heavy liquid of an oilv r ls . n ,nn P«<l. inodorous, colourless, 
<*°f. and diaffla oWivitroutlnmltr 00, J tboil8 « *w«t of 
A piece of nolished zinc suspended uriso from it. 

* T " 

ws 

Aordhausen oil of vitrid is n i ^ watev ' 
composed of n mixture of anhydrowamM s,1, P 5 ‘«Hc acid, 

II T.T fRcUim} in Germany^ Minted sulphuric ntiici. 

the a^ofXnoS trhJoli in 

no acid properties, When water 


SUL 


TAN 


883 


is added to it, combination takes place, with heat, light and ex- 
plosion, 

SuLPHunic Etiiek, See " Ether, ” 

, Sulphurous Acid. S0 3 , This acid is produced by the combus- 
tion of sulphur in oxygon. At ordinary temperatures it exists as a gas, 
but at the freezing point becomes liquid. At a lower temperature it 
may be solidified, and then forms a white mass, Water which lias 
been recently boiled absorbs about 80 volumes of it. The solution 
possesses blenching and deoxidizing properties. 

Sumach. A yellow dye, and tanning material, extracted from the 
dried and bruised brandies of certain species of Ithus cultivated in 
Italy and tho South of Trance. 

Tangent, Tho tangent to a curve at any point P is defined 
S ' 11 ? 1 J;. , m y oil*® point Q, and draw a straight line through 
J. , tj. J. Jus straight lmo cuts the curve in the points P, Q, and is called 
, ^° w the point Q, move along tho curve towards 
i. . t When it has approached to within a distance less than any 
assignable distance from P, but without actually coinciding with P, 
the secant P Q, becomes a tangent to the curve at P. 

This definition applies equally, either to the case of a curve of 
double curvature (like a corkscrew), or to a ourvo which lies upon a 
piano, 1 

The Tangent-Plane to a surface at a point P is found by 
cutting the surface by any two planes which pass through P, finding 
the tangent lines through P to each of the plane curves thus pro- 
duced, and drawing a plane through those two tangent lines, 

If two points, E, be taken on the surface, and a plane PQJt 
drawn through them, mid we suppose Q, It, to move towards P, 
then the piano P Qlt, when Q and It have approached P to within 
a distance less than any assignable distance, is not necessarily the 
tangent piano at tho point P, as it is sometimes stated to bo in 
books of geometry. 

Tannin j Tannic Acid. T n .=C M H 5 O 0 + SHO. A.nnstvhi- 
gent principle contained in various vegetable substances, but prin- 
cipally m infusion of galls, It is obtained in a pure form by treating 
powdered galls with washed ether, i.a,, other containing 10* per cent, 
of water j ( this is allowed to filter through tho galls, and the filtered 
liquid divides itself into two strata, tho upper one being ether, and 
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the lower n concentrated aqueous solution of tannic neid. Tilts m 
evaporated in vacuo over sulphuric acid, nnrl pure tiumhi lriuuuwf 
as a bulky pale-yellow residue, which is exceedingly soluble in 
but les3 soluble in absolute ether and alcohol, 

The aqueous solution of tnnnie acid reddens litmus paper, mwt 
exhibits the properties of an acid, displacing enrbonio acid front tin? 
carbonated alkalis with effervescence, anil forming- snltst rail tad 
tannates. 

Tannin combines energetically with gelatine, and forms tin in®*#, 
luble precipitate when added to solutions of isinglass, or glue. 'Whrn 
oxidized, tannin becomes converted into gallic and carbonic! 

Its clnef use ni photography consists in producing a leather viimfolt 
upon paper positives {q.v.). 

, concentrated solution of tannin is precipitated by nitric mid 
hydrochloric acids, but not by. oxalic, tartaric, lactic, acetic, or citric 

ro oin W Tfi Ht decl *? excess » §‘ ivw8 n dlu ’ k blue or Mimic 

° f U ' on ’, but l )r0(lncc3 wo iimnwlint* 
pISedfo£?lf I?we ^ osa lts.: The black pmdpitnt* 
produced in the tommy case is common writing ink, and is oomiunMsd 
of one atom of peroxide of iron and three atoms of add? 


Mon in Toi^g wata , *"* 

Of bi^rtmte of potess with’ Hull 1)lodllced h y neutralizing n solution 


Tartaric Acid. Tar.ssC 


free iu many acid fruits nn!l ' 4 0 io+TTO. This ticrirl exiaM 

ernara of inrtnr, in the form l! 1 oUnil, ''‘ i ''™" 
about 4 parts of water at 60° and «|I n, ’ . ‘j 10 1 m 'f 8 ? Iu bln ill 
powerful organic ucid in . so 1 n l e oh°l. It, jg (l very 

«>ution. ItisdeliquescenuLlSS Sll ° Uld b ° U&od w[ ^ 

sensitive t^ght.^ “ solufclon of italic acid is said to bo slightly 


Tartrate of Silver T'lvto u< 

Of pouuss to solution of nitrate ofVdtr ' b * Pirate 

down being tartrate of silver. It's dl,^ Y tutt : P^dintn to thrown 
by heat and light. U 18 dmkenod and decomposed both 
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Taupe not s Process. This is a dry preservative process iu 
wlndi a glass plate is first oolloriioniml and excited, then coated 
with iodized albumen, and excited a second time. Three years ago 
before the problem of dry collodion was solved, this process, disco- 
vered by Dr. Tnupcnot, Professor of Chemistry at a French college, 
was brought forward and excited so much attention that it has not 
even yet been completely abandoned by amateur photographers for 
the better process of Dr. Hid Norris, of Birmingham, since disco- 
vered mid perfected. 

The operations are as follow : — 

A. plate is first collodioni/.ed and excited in the usual way. Tt is 
then washed with distilled water for the purpose of removin'* the 
tree nitrate of silver. A mixture containing about equal parts of 
albumen and water, and 1^ per cent, of iodide of potassium, is then 
poured over it. This completely destroys the sensitiveness of the 
plate, which may then be dried in daylight before n five. It is now 
leady to bo excited a second time. This is effected by immersing 
it m n bath of noeto-nitrntc of silver, containing 50 grains of nitrate 
of si Ivor and 1 drain of acetic acid. The plate is then washed with 
disti led water, and cither dried by artificial heat, or allowed to dry 
spontaneously. It is now ready to be exposed in tlto camera, and 
may be kept for several days, or perhaps weeks, in a sensitive state. 

l ie picture is developed by first stooping the plate in a dish of 
distilled water for a minute or two, then laying it upon a levelling 
stand, and pouring over it a saturated solution of gallic acid to 
which a few drops of nceto-nitmto of silver are added. It is fixed 
in the usual way with hyposulphite of soda, not cyanide qf potassium ,* 
for the latter salt should never be used with albumen films, ns it 
acts too energetically upon albumen . 

lhe pictures obtained by this process have a yellowish or greenish 
tint, and are not therefore suited for transparencies. 

Ihe collodion should bo porous and adhesive, and not hard and 
contractile, or blisters will bo produced when the film is wetted a 
second time. .■■■;■ 

I. he objections to the process are, — the multiplicity of operations, — 
the bad colour of the pictures, —and the discoloration of tho 
second nitrate bath, As a set ofi. to these objections it has no 
advantage whatever over dry collodion. . 

lhe plates may be developed more quickly with pyrogallo-nitrato 
ol silver, but the definition is not quite so good, and stains more 
liable to occur, 

Ient. ‘When views are taken by the wet collodion process, in 
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which the free nitrate of silver is not removed from the phito by 
washing, it becomes necessary to operate either in n dark room, nr 
van, or tent, at or near the spot whence the view in taken ; for 
otherwise the latent imago is destroyed by the evaporation of tli« 
moisture from the sensitive pinto, and the consequent solution cif 
the iodide of silver by the concentrated nitrate in the film. 

The dark tenfcused by travelling photographers is of various form® 
and sizes, and more or less portable. Eor large pictures 1 H x I <*, 
or so, perhaps the best form is that of tho ordinary niiliiurv tent, 
having a pole at each end and fastened to the ground wif li ruru*# 
nnel pegs. It should he made with black calico, lined with Yellow, 
In one of the gable ends there should bo a yellow window, find lh« 
entrance should be in the opposite gable. Inside there nmv 1 j*» 
a table and nil tlie necessary conveniences. This kind of (cut luv» 
of course no pretensions to portability, and a travelling van in nrrt- 

fni-!n^ri S " 1C0 ? u ? 1 ilf- e j s necessiu % occupied in evcelitig mul 
taking down a tent of this form. 

««“<% 8 x n ' n 


„• „„ i „ ‘ 1 ; Ti » uawwuhiu n ^ u, U Hill 

Sf tav d i f Jr H b e I°™ of tentwi11 nnswor tho piirpom. 
Si* *«•, «!?• long. 1ft. 0in. Witte,. na d 4 ins! .loop, . 

Aorttapotl stacl. At tho comma Urn four up 
nghta of a light non frame are inserted, which is made thus j— 1 


A 



ArZl * mg nb ? ut the tW <*™ss of stair rods 

this * fmme?^ U thrown ovqi 

back is a vnl W , .. kncea ' In this covering nt the 

IiAmLf ^ P it. _ ' . . 


; uuu imiias Clown tn -t* Wiiutvu 

hack u a yellow window nearly tliewS a /? tlns covering m 
aud about 6 inches wide; W'K° f 11,0 lro » r 

aperture may be drawn backwards t,,is window 

toy hiis a shelf at the back 2? mn HTT' 3 P le «*mu “ 
\o use this "tent the oSSt 5**% etc. 


or 

Tim 


th “ ; 

partoffiF 0f ltj • wit!l t,,e tray in fronUf^S?" '* .P yo 3 e «t«lg purl 

P the curtains tightly round him ^ 


them by means of hooks to the inside of the front part of the trnv 
so ns to exclude day-light. He lias then his hands at liberty, and 
manipulates in the usual way. .By putting a tent of this kind 
together with the chemicals and apparatus, upon a wheelbarrow or 
suitable truck, or basket with wheels which ship and unship ’the 
photographic tourist becomes independent of help from others! ’ 


Test Iapehs. Make an infusion of commercial litmus, and 
steep blotting- paper in it ; dry it, and cut it into narrow strips, It; 
is of a deep indigo colour, and is reddened by being immersed in 
any acid solution, or exposed to acid fumes. This blue litmus 
paper, as it is called, is therefore a test for acidity. It may also bo 
used ns a test for alkalies by dipping- it into very dilute sulphuric acid, 
and drying- it. In this state it is called reddened litmus paper, and 
its original blue colour is restored by immersion in any alkaline 
solution. A volatile acid, such as acetic, should not be used in 
making- reddened, litmus paper. Another kind of test-paper for 
tcsfcimr nlknhmtv* is miuln hv ... A a * 


litmus. But the best kind of test paper for testing alValinitHs 
made by steeping- blotting paper in a strong infusion of the petals 
of the red rose. 1 lie red colour of this kind of paper is changed 
to green by an alkali. 1 b 

, j lftn a solution to bo tested is very feebly acid or alkaline a few 
minutes must be allowed before the change of colour in the test- 
paper is perceived. 

Test-papers, ns usually sold by chemists, are made up in little long 
narrow books. They are indispensablo to the photographer for 
testing the condition of the nitrate bath. 


liiKiiMOMETElt. (Gr. Stpfni heat, fte.rpoy n measure.) This is 
an instrument for measuring temperature by recording tho expansion 
produced in a liquid by heat. 

The mercurial thermometer consists of a glass tube of fine and 
bo, '<h having a bulb at one end. This lube is filled with 
mercury at a high temperature, nbovo boiling point, and its end 
hermetically scaled. . On. cooling, tho mercury oontraets and leaves 
what is called a lomeellian vacuum above it in the tube, i, e. a space 
lined with the vapour of mercury. 

lo graduate the thermometer, it is first immersed in melting 
snow, the temperature of which is found to be invariable, and tho 
height oi the mercury marked ; and next in water boiling in n thin 

oo2 
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polished metallic* vessels n 71 ~~ — 

temperature which is also found t °{ 30 inches > » 
the mercury marked again. tL 3P two ^ and tlie togfct of 

SivTf ™ boiii, « ]»i"b of»*« nrc tbo 

divided differently in different thermo / * L s P ace between them is 
at the end. “ mometers, as shown in the table 

The thermometer used for Win* +1 «. 

*•*£■?- “tt'tzcP 5 - MS 

J^aaaa&uu-tet 


Tincture op Iodinp mi.* ■ 

flui <l oz. of alcohol sTn «/ iodine 

-u-e poured off into a wail <,7 ’ * U , lodl , ne ls dissolved 


added to onp 

•““^sstssi^s 
' 


lint ^iT m, tbo piirplo 

nilt J n °thmg remains but a ml -.o e,nove d by the fixing agent, 

york of art the thin red tint of f i ll Presentable ns a 

intensified by some means. Thit 7 m.wt be M„ ft k CUM ! or 

yluoh either darkens the print bv «,? ^ ecte( J. Ij y tho toning bath, 
upage, or substitutes gold for silver *!» silver in the 

Developed prints do not necessarilv a ^ cor ^ ,n ff to its composition, 
material of the image is sufficiently JIT n m'nco the 

Die most suitable toninff-bntli to i k T d mti:nso without it. 

processes , 8 described in the articles wldclUreit ofT™"" P™*"'* 

i~- :;r°~ 

IkAOIXG-Papki? nu 

hansjmrent, and biack. Tiunsimrent ° f tlacing l ,n P cr » 
smearing the paper with boffin l ia made by 

J 1 ?" 1 r J Jsln ^'ssofved in turpentine 7 P> °\ odourless dam- 

Canada balsam diluted with h,’ 01 benzole; or bettor. still, with 
r Ie , saturating^ a piece of EIack t 

mnp- black ground in honey or bv nil ^ er a mixture . of 
mth black-lead or black chalk The * f OCC of paper 

tmnsparent paper in lead pencil this y .m? d Mpon, tiio 

paper, and that with its blackened l/! ?, then l** 1 upon the black 
ieceive the final drawing. The lines nn f on tlie .paper wlncli is to 
Rone over with a pompnne’s ouS o? otW ? rac »P«P^ **. then 
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the paper beneath the black one. Sometimes blue paper is used 
instead of black j this is made by substituting indigo or Prussian 
blue for lampblack. - 

The transparent paper made with Canada balsam takes ink and 
water colours freely, A tracing-paper is made in Trance from raw 
mix, and is called " Papier Vegdtnle.” 

Than s furring. A collodion picture which is not too porous 
and powdery may be transferred from the glass plate, when wet after 
, the final washing, in the following manner : — • 

Lay a thick and wet piece of blotting paper upon the film in such 
a way as to cover the plate all but about a quarter of on inch at 
one end. Turn the narrow edging of film which is outside the 
blotting-paper over it by means of a penknife, and then, beginning ' 
at that end, raise the blotting-paper gently off the pinto; the film 
will come oil with it. It may be permanently fixed to a sheet of 
dry gelatinized paper, by laying the blotting-paper bearing the film 
upon the gelatinized paper, pressing the two into close contact, 
and letting them dry spontaneously, when the blotting-paper will 
come off, leaving the, film attached to the gelatinized paper so 
strongly as to resist all attempts to remove it again by scratching 
or rubbing, i he paper may then bo waxed. 

Collodion positives may be transferred from glass to glazed leather 
by damping both the film and the leather with alcohol, pressing 
the tivo into contact, and in a few minutes peeling off the leather, 
which brings the film with it, apparently so incorporated with the 
black glaze as to bo incapable of being removed by scratching with 
the nail, &c. . 

Collodion negatives may be transferred to gutta-percha in tho 
following mnunev described by M. 3, eon Cnssngiic at a meeting of 
the French Photographic Society on June 10, 1887. ° 

“ It is generally known that at the Imperial Printing O/fico of 
Vienna, when a good collodion negative lias been obtained on glass, 
it is the custom to transfer it by means of a double film of gelatine, 
and gutta-percha dissolved in chloroform. The process which I 
have adopted, and which lias never been described in the Bulletin 
ol the Society, consists in first dissolving— 

Pure gutta-percha . . , 3/92 grammes 

Chloroform, or Benzoic , .81-09 „ 

or, 

Gutta-perclm . . 2*6 G grammes 

Chloroform, or Benzole . . 31-10 „ 
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“You perceive that the quantities are not invavinlih?. Tlirtrx» 
cases in which it is necessary to vary them, I .shall not rotor ktim 
details j the operator, in each particular case, will Iws nlilr <0 tkwkik 1 
for himself. 

“When the negative on the glass is dry and in grind rt.iri«lit;fe^ f 
pour on the collodion side a coating' of the above solution. ft 

run slowly and uniformly, that -it may have time to prnrtml^ 
unite with the collodion film. As soon ns this coating' is rn iimleftt'jfr 
dry, strengthen it with a second, formed of fclio lollmvim ^di- 
stances : — 


SOgrainnicH, 


Gelatine of commerce, (very white) . 

Filtered water, ns much as the gela- 
tine can absorb, until it lias swelled 
to the utmost. 

Isinglass . - it 

Alcohol . ( * 15 ” 

inJ'the ff ta •?'? ™ to »wik it l»a absorb,-,!. |, v 

u- 'T tOT - Molt “» Wntfi- I. X> 

S5&-5 & teffiaaaf ? f - 

5ST&VS “tStSS S If™-; “>"WiS 

tered from dust, and you will be able £ ™ * t0 C °”! {,r .V* *hi»t 

the steaih From boiling water the trioln S° V ° mmm wf 

Percha, and gelatine. Tins oneratimPwl -° f co ^ w1 ' 011 * 
formed as soon its you see that the fL - U ° • \V° Vy 0r,8 * Vl h 

steam, and you! should then b egLIo remolt S ’| lg c lt j ® oftBru3tl h >’ 

comer from which the excess nfLii r lfc from tl,e «1«*» nt tin* 
plate was eollodionized. It often 1 1™°“ poured ofl ' when t\m 
iMf at this comer of the glass U [fn V V 10 d,m 
«*nt.re removal of the film with a thin blnrl^f! P VV t0 l! «“ 


-which, witi,' sc 

detach it by degrees, eitLr with° ?‘°™ ra » while y 0U 
^ter.mnning <lrop by ^ aid of a thin flu mtl 


?/ water, mnn Sg the aid ofTihin’« 


T> i *S entire “3% hhr»n it and 

twoki f 

no, so much iioweyer „ s 
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“ The chloroform or benzole solution, should be allowed to stand 
several days before being used, in order that the colouring matter, 
or any impurities in it, may bo deposited. Piltcr through paper, 
that the solution may be suflieicntly thin, shutting the top of the 
funnel to prevent too much evaporation, winch would have the effect 
of thickening the solution. Benzole, of specific gravity much less 
than the chloroform, gives good results, but inferior to those ob- 
tained by chloroform, which gives a solution almost colourless, and 
adheres firmly when the evaporation is completed ; which also takes 
place more rapidly than with the . benzole. 

“The density of the solution of gutta-perelin, which is always 
slightly coloured, retards considerably its complete clarification. It 
is necessary to avoid all impurities in this solution.” 

The following js a method of transferring dry collodion negatives 
to paper, described by M. Bayard at a meeting' of the Trench 
Photographic Society on Pel). 20th, 1857. 

“ Among the specimens which I have the honour to lay before you 
are some which have been obtained from very old negatives, and 
even from negatives which have been varnislied. They have all 
been easily transferred. I cannot however promise you that it will 
always be so, It is probable that certain varnishes, and particularly 
fatty varnishes, may offer an impediment to the softening and removal 
of the collodion film. 

“ I am afraid also that albumen and gelatine spread upon the 
negatives may interfere with the success of the operation; and I 
must warn you that I have not yet succeeded in transferring with 
certainty negatives produced, by TaupcnoL’s process, either simple or 
modified. 

“ The following is my process ; — 

“ dn order to detach the film of collodion from the glass, I use 
paper coated with gelatine. 

“To prepare it, dissolve in one litre of filtered rain water, 40 
grammes ' (about 4 per cent.) of colourless gelatine. , When tho 
gelatine is dissolved, pour the solution into a disli which has been 
previously heated. Pleat the papers on tho bath for one or two 
minutes, and hang them up by a corner to dry. When dry, keep 
them in a portfolio until required for use. The kind ot' paper 
which appears most suitable for tins operation is Canson’s thin 
negative paper. 

“If the negative to be transferred has just boon taken, and is 
still wet, place tho glass on a horizontal support, collodion side 
upwards, and cover it equally tuul evenly with water. Then, take 
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to the collodion. Place the glass perpendicularly, mm mum m. mt 
dry spontaneously. 

“ When the negative which yon wish to transfer is old, and hm 
not been varnished, immerse it for about a quarter of an hour. 'film 
upwards, in a dish full of water. Ten or twelve niinuica tiTterf 
putting it into water, lay a sheet of gelatinized paper on tin* win mi 
water for three or four minutes. Then, remove the glam l. v t h# 
corners m such a way as to remove with it the paper which iUufc* 
above, (the edges being- of course properly adjusted to those i»r the 

n S V- ] V" n ? cautiously the paper will adhere to ifao 
collodion. Drain and dry as before. ' 

n vl cu tlie n ?S nfcive J’f been varnished, proceed as before, with 

and lf<b« : ~ a( - d 5 , 01 'J P ev cent - of alcohol to the water, 

7« wi th g reranm in it half an hour. 

‘ When the paper which 1ms been glued to the collodion haw 
become perfectly dry, (it should not be dried by the fire ) ,,,,, L ml 

edgTJTtl e Sa S s 0 an f n! n pe - k,,ife a11 f 0 ®^ iij > PW»tly edeme to tb» 
ugesot the glass, and then immerse the negative in n iliah filletl 

been removed with the cn)lnii;n U fi{ 101G n aa ^' W,en tbo lra«t 

Wotting 'p^ier^and dry C it° ( I0U “ to F™ * betwm, 

printing 2 and 3 if 1 tbc S pHnti W them arc 7m V,gmir f<ir 

the contrasts, the negative should l,n , f } nd to , he to ° strong in 
the paper in the ordinary way ” b Xed 0U the voyci ’ so *id» tif 

water a collodion negative 0 S K b , 0 mn < h > in 

paper adhering to the film. ° ' Iuwn & a sheet of gok linked 

warnJd^ M. Bny^d tllnt vei-^barf^^Vf t,mfc 1,0 ]md 

M thc mm w ««ted consistency • hi t t in ” ^msibrdti^ 
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needed it would bo the more conclusive. Notwithstanding these 
unfavourable conditions M. Bayard effected tlie transfer with 
complete success. 

Collodion positives may be transferred to paper by the following 
process, communicated about a year ago to the “ Photographic 
Notes” by Mr. Hanson, of Edinburgh. 

“ To make the) transfer varnish: — take of borax 1. dram, shellac 
4 drains; digest them in about ^5 ounces of water, nearly boiling, in 
a covered vessel, till the whole is dissolved. When cold it is ready 
for use. ' 

“ To transfer the Him : — Apply a coat of the varnish to the sur- 
face of the picture with a large and. soft camel’s lmir brush, and dry 
it quickly by holding it over a flame, or at a fire. When cold, 
applying a second coating of varnish, as before. * 

"Then talco a piece of black paper a little larger than the glass. 
Coat it, mul alao the picture, with varnish, and lay the two wot 
surfaces together, beginning at one end, and carefully excluding 
every bubble of air. When nearly dry lift one end, and strip tho , 
whole from tho glass. _ It is now ready for mounting.” 

Daguerreotypes may be transferred to paper by the following 
process described by Mr. Belfield Lcfevre, of Exeter, in the Pho- 
tographic Notes, Vol. 2, page 343. 

“ To obtain n negative by transferring to the surface of some 
move or less transparent substance tho loose particles which form 
tho lights and lmlf-tints of Daguerre’s image, is an idea which must 
have suggested itself to the minds of many, whilst the means by 
which this transfer may be effected are ns simple ns the idea itself 
is obvious; and yet, although from the day on which M. Arago 
communicated M. Daguerre's process to the Academy of Sciences, I. 
have been a votary of the Photographic art, and am not unfamiliar 
with Photographic literature, I have seen no allusion, however 
remote, to any such process. Is it that tho results so obtained have 
not been found uvnilnblo for the purposes of photographic printing ? 
However this may be, as it is not in my power to pursue these 
researches any further, I submit the process to your judgment in its 
present imperfect state, and my sincere desire to contribute to the 
progress of photography must be my exouso, Tho following then 
is a short, but I believe sufficient description, of the modus opemndL 
I purposely omit mentioning those precautions which are familiar to 
nil careful operators. 

“ 1st.— Dissolve one part of pure gelatine* and quo part of clarified 
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too minute to be detected by the most careful inspection. The 
colour of the metallic film varies greatly, generally approaching to a 
reddish brown where it is most dense. This clearly points out a 
fact for which we should hardly have been prepared, viz., that the 
Jiigh lights in Daguerre’s image arc in reality formed of two distinct 
layers, the upper stratum being blanched by the action of tho 
mercury, and probably amalgamated with it, whilst the lower retains 
the reddish line which reduced silver sometimes assumes. The rosy 
tint which is observable in the high lights of tho finest proofs, when 
seen obliquely, is thus explained. Considered as a basis of chemical 
action, the transferred image is a sheet of gelatine, on which particles 
of pure metallic silver, or of silver amalgam, arc more or less densely 
strewn. To increase the opacity of these particles, so as to render 
them less permeable to the rays of transmitted light, is the problem 
still to be solved, and for tho solution of which three methods are 
open : — First, to transform the metallic particles into some binary 
compound, such as an oxide, a sulphnret, an iodide, or a chloride ; 
secondly, to substitute for them thin chemical equivalents of 
platinum or gold; and thirdly, to render them the centre of a 
catalytic action, which shall group around them fresh molecules of 
reduced silver. The very few experiments which I have been able 
to make in these different directions have impressed me with the 
belief that no very serious obstacle is to be apprehended. Thus I 
have found that the action of iodine transforms the metallic film 
into a saffron-coloured compound which is not altered by exposure 
to light. Bi-chloride of mercury changes it into a greyish powder, 
which is again darkened by a weak solution of ammonia, and the 
torehloride of gold increases considerably the intensity of the image, 
but forms unfortunately, with the gelatine, a compound of a truly 
Tyrenn purple tint. 

All these, however, are topics on which I need not dwell, as they 
will naturally suggest themselves to the minds of those who may 
deem tho subject worthy of investigation.” 

Tiiagacanth. See “ Gum Tragncanth.” 

Tiianspaukkt Cement. Dissolve 75 parts of caoutchouc in 
CO parts of chloroform, and add 15 parts of mastic. 

Treadle. The uncrystnllizablo sugar or syrup obtained from 
tho sugar cane, Golden syrup is a thin light-coloured treacle, better 
adapted for photographic purposes than .common treacle, 
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rated from tho other part. The results of this process are not 
uniform, yet it is considered the best thathns yet been published,” 

Since photographic prints are readily destroyed by an alkaline 
sulphide, it is evident that the above colouring matter should on no 
account be added to photographic papers, and yet all the foreign 
papers manufactured for photography nro tinted with it, < 

Uranium. U=(H). This metal is obtained from the mineral 
termed I’ecliblende, which is an impure oxide of it, and also from 
urnnitic mica. Tins process consists in acting on the oxide with 
potassium. It is obtained ns a black powder which has a powerful 
ufiiiiity for oxygen. Tina protoxide of uranium was for some time 
mistaken for the metal itself, and is not by any means a costly 
substance. 

There are five oxides of uranium, viz. 

Suboxide . . . . V i O s 

Protoxide . . ..VO 

Black oxide . . . U 4 0 5 

Green oxide . . . . U 3 O lJt 

Peroxide . 1 

Sescpiioxide > . . . U a 0 3 

Uranio aeicl. ) 

The protoxide is a grey or brown powder obtained by passing 
hydrogen over peroxalato of uranium at a red heat. The salts of 
tho peroxide nro reduced to salts of tho protoxide by the action of 
light, ns in tho case of the iron persnlts, so that in this respect 
uranium and iron arc analogous. The hydrated peroxide is a yellow 
powder. 

Uranium Glass. Glass is frequently coloured yellow by the 
addition of oxide of uranium. It possesses the property of “ Pino- 
rescenee,” g. v. 

UitANiUM-PuiNTJNtt Brocess. A sheet of paper is first 
rendered sensitive to light by immersing it in a strong solution of 
a salt of the peroxide of uranium, (the nitrate is probably the best). 
It is then dried, and exposed under a negative to direct light for 
about tho same time ns nn ordinary sun-print upon, a chloride of 
silver pnpor. A very faint visible image is thus obtained, which is 
perceived by holding the paper against the light. Tho print is 
then placed either in a weak solution of chloride of gold, or in a 
strong solution of aecto -nitrate of silver, In the former case a pic- 
tuYo is obtained of a purple inky tint, and in the latter case of a 


chocolate brown tint. The print is then wished in ahimria®*?#. 
water, several times renewed, and the operation is eomiilrti*. 
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•Spirit Varnish . This is the best varnish for photographs upon 
glass, but there is some little trouble and risk in applying- it. It is 
made thus : — 

Tbit into a glass flask 

Alcohol S. 6. '825 . . 20 fluid ounces. 

Pulverized white lac . . H ounce. 

Snmlnvach . . • * la drachm. 

Put the flask, into hot water, having previously wrapped a pieco 
of paper loosely over the mouth of it. The ingredients are soon 
dissolved, mid may then be filtered by passing the varnish through 
cotton wool. 

Instead of white lae, seed-lac may be employed, but the varnish 
is then of a darker colour. Methylated spirits may be used as 
tins solvent. Preach polish diluted with an equal part of alcohol 
makes a good spirit varnish for negatives. , 

lloioro applying the varnish the pinto must lie dried and heated 
lie Pore the five to a temperature of about 100°; not more, or there 
■will be n risk of destroying the picture by causing it to run in 
smears down tho glass when the superfluous varnish is poured off 
th© plate into the bottle. On tho other lined, if the plate be not 
lieatod sufficiently, the varnish will be chilled, and produce the effect 
of ground glass. Tho plate must bo warmed again while the varnish 
as drying. When spirit varnish is properly applied it forms nil 
exceedingly hard and tough film, which it is difficult to scratch or 
injure during the process of printing, and which docs not become 
sticky by heat. 

Spirit varnish must never be applied a second time to a plate. 
If this be attempted the picture will most probably be spoiled. 

Mack Varnish. This is made by dissolving in one bottle 
powdered nsphnltum in benzole, and in another, india-rubber in 
Tremolo j thou adding the latter to tho former in such proportion ns 
in«y seoin best, the object of tho india-rubber being to prevent tho 
"black varnish from cracking. 

The india-rubber should bo cut into small, pieces, and loft two 
or three days to dissolve in the benzolo, which it docs without heat. 

'Varnishes may be divided into two classes,— viz. fat varnishes, 
cn ul spirit varnishes; and the latter class maybe subdivided into 
two, in one of which alcohol is tho solvent, and in the other 
turpentine. _ _ 

The principal fat varnish used by painters is copal, and tho 
principal spirit varnish mastic, but neither of these is suitable for 
photographic purposes. Varnish for maps and drawings may bo 
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membrane through which we see. The cornea, which is equally 
thick throughout, is very tough, and consists of several layers or 
folds to give it strength, so as to defend the delicate parts within 
from external injury. On the inner surface of the sclerotic coat 
is u delicate! membrane, called tlie Ohoro'ul coat, which is covered 
with a black pigment*, On the inner side of this lies the Retina, rrrr, 
which is the innermost coat, and is a tender reticular membrane, 
formed from the expansion of tire optic nerve, which enters the eye 
at 0, n little more than one.4c.nth of an inch from the axis on the 
sido towards the nose. At the end of the axis of the eye, and in 
tho very centre of the retina, there is a small hole, with a yellow 
margin. It is called the foramen centrale , or central hole, though 
it is not a holo but merely a transparent spot, free of the soft 
pulpy matter of which tho retina consists. 

“ A hat membrane of a circular form, ef, called the iris, and seen 
through the cornea h h, divides the interior globe of the eye into two 
very unequal parts. It has a circular opening, in its centre, called 
the pupil, winch expands when the light which enters the eye is 
diminish’d^ mid contracts when tho light is increased. The space 
before tho iris, called the anterior chamber of the eye, contains the 
aqueous humour, from its resomblanco to pure water ; and the space 
behind the iris is called the posterior chamber , and contains the crys- 
talline lens , c o, and the vitreous humour , which fills all the rest of 
tho eye. The crystalline lens is suspended in a transparent capsule, 
QV bay, by what are called the ciliary processes, g g. Tins lens is 
moro convene behind than in front, ns tho figure shows j and it con-, 
sists of concentric coats composed of fibres. It increases in density 
from its circumference to its centre, for the purpose of correcting its 
sphorical nhorration. The vitreous humour, Y Y, occupying the lnvgest 
portion of the eye, lies immediately behind tho crystalline lens, and 
fills tho whole space between it and the retina, r r r r. 

“ Tho following are the dimensions of tho eye, ns given by Dr. 
Young and M. Petit 

_ „ , English Inches. 

Lon Ktli of tlio optical uses , O'Ol 

Vortical chord of tho covnoa . . , , O'-lfi 

Voraod shio of ditto , , . . , . O'll 

Horizontal obord of tho oomoa .... 0M7 
Ononliig of pupil booh through tho cornoa . 0'2?to0'13 

Diminished by magnifying power of oomoa to , 0'2B to 0’J2 

I til (Una of tho anterior surface of tho crystalline Iona . , 0'80 

Bndlua of tho posterior aurfoco .... 0-22 

1’rlneipnl focnfdiBtanco of tho Ions . » ... r?8 

Diet an co of tho contra of tho optio norvo from tho control hole at 
the ond of tho axis ..... O'll 

Dlstnnco of tho iris from tho cornea , . . , O'lO 

Distance of llio iris from tho anterior snrfnco of tho crystalline . 0'02 
Bongo of tho oyo, or diamotor of flold of vision . . 110° 
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“ In what manner the retina, thus impressed with a distinct imago 
of an, external object, conveys to the mind, through the medium 
of the optic nerve, of which it is the expanded termination, a know** 
ledge of the existence, the position, and tho magnitude of that 
object, is not known, and probably never will be. Certain facts, 
however, or laws of vision, have been deduced from observation, 
and merit our attentive consideration. 

“ 1. On the direction of visible objects, — When the mind secs the 
extremity M of any object M N, by menus of rays flowing from M 
and collected at m s the retina receives these rays at different degrees 
of obliquity, and yet the point M is seen only in one direction, 
namely, in the direction of the central ray of the cone whose apex 
is at in, This however does not arise from tho ray being the result-* 
ant, ns it were, or tho mean of the directions of nil the other rays ; 
for if wo close up all the pupil excepting a sipail opening at its 
margin, the point M will be represented at m only by the most 
oblique rays of the conical pencil, and yet it will still bo seen in the 
snino direction ns before. Hence we conclude, that when a ray of 
light falls tipon any point m of tho retina, in any direction, however 
oblique to its surface, the object will bo seen in the direction of a 
line perpendicular to the retina nt tlic point m. As the surface of 
tho retina is a portion of a sphere, these perpendiculars must all pirns 
through one point, which maybe called the centre of visible direc- 
tions becauso every point of on external object will be seen in the 
direction of a lino joining that centre and the given point. The 
0 truth of this we have established by marking the povfeot stability of 
the imago of any object, when it is seen by different points of the 
retina when the eyoball alone is moved. Hence the centre of visible 
direction is a fixed point in tho vitreous humour ; and ns it never 
changes its place during tho rotation of the eyeball, it must bo 
coincident with the centre round which that rotation is performed. 
In consequence of this coincidence, and in virtue of tho law of visible 
direction, an arrangement of consummate skill, tho great Author of 
nature has provided for the perfect stability of every point in the 
images of external objects. 

“2. Cause of erect vision. — -As the humours of the eye net 
exactly like a convex lens of an equivalent focal length, an inverted 
picture of external objects will, for tho reasons already assigned 
be formed upon the retina. Many philosophers of eminence luivo 
perplexed themselves very unnecessarily, in attempting to deduoo 
erect vision from inverted images. The law of visible direction 
removes nt once every difficulty ; for ns the lines of visible direction 
must necessarily cross each other at the centre of visible direction, 

d 3) 2 



those from the lower rmvt fi, n i» 

f «» <#* «d tta£fa£ Jiff *? "M» l" irt 

lower part of the object and W?„ P fc o f to° imago go to tlio 
result of an inverted Singe C1 ' ect ob J ect 13 tlie ncocsam y 

looktt 

care mid attention, wc direct totfif ”V °5 der *? exnmin « it with 
consequently, the image of that nnl t f 11 °^ 1 M,®* 18 of ti,c W* ™d 
retina. Every othc/point 0 f f T f 3 T" ?. e ocntrn! Main tho 
awl the indistinctness increases wkh Z? r f Ct 18 f e f ^distinctly, 
tliat which is seen distinctly Tu * *? ( lsta „ nc ® of tl,e point from 
vision, therefore, is that w£ them perf ? cUy distinct of 
entitled to ascribe tliS fe £ ,b tee Vft ^ ™ *" «* 
gradual increase of distinct nZ i l, nervous matter, as the 

appear to be accompanied with a nTAdSi V 1C ll0 i° docs not 
of the retina, ^ adualdimumtionin the tliioknoss 

** was 

'«pon the base of the op \ V e ± 0 b 8 '° ° f a 7 ob i cct «■ 
to prove this experimentally fix on dlsnppefired - Tl1 «d* 

>e.ght of the eye, tin -ee wafers ^ Y'°T’ n,lfl nt «» 
to the middle wafer with one eye slmf and "f' • St . nnd °l>l )0sil ° 
wall, retire gradually from it nJLu? U i U) fuming near tlio 
which is on the same hand as the ™ ?. n , ' vny3 . !l , fc . tbo outside wafer 
disappears. This will be found tn t eye ’) ^ the middle wafer 
distance' at which the wafers are nlmWI plno ? ntnbo V ty?z, ° times tho 
the other, wafers will be plainly slnV^ when xt doos lj ‘ l PP Q ». 
wafers the middle one will not ditm 1 °, us ? ? nnd ! 63 m P lac0 ol ' •*• 
cloudy mass of light. The base of ^ llt lfc n ' vdl become A' 1 

insensible to light, it is only unfiffiS. ?^ tlc is not . 

objects whose images fall upon it M Tn mct v f 10a of those 
ol this portion of the retina to be about ’ ?° nS,dored tIl ° sizo 
ab, ; e 5 v b ut Daniel Btooqffi A a or <* 

of the diameter of tho eye ” 1 t0 b ° about 0ne ‘^»cnt/i part 

»"'> - r t, with tho OX0 0|) - 

S‘"!> !l 1. Thcsf: it is %£££?? ™«><» Ejects, in j, 
of hght from a luminous point if cniov^f i°° 11CCt ' , VV,,cn ft l )0Ucil 
a fo ° 113 at m upon the return tho liSfof j u ,° yC ,. nnd > bl '°% rh t to 
» ,x !! L” f f“ “““ of r V the vitreonf! ; “ “ ” nt 
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the latter part of the paragraph referred to in terms which evidently 
contradict the former part of the same paragraph. If the reader 
will draw a figure showing the course of an oblique pencil through 
the eye, he will perceive that the axis of the final cone of rays within 
the vitreous humour is a line joining the point m, with a point some- 
where near the pupil of the eye, while the lino of visible direction 
is a line joining m with a point near the centre of the eyeball. 
When the retina receives a blow at m, no matter how obliquely, 
the direction of the supposed force is referred by tho mind to a line 
perpendicular to the retina at' m. 

Binocular Vision. 

When both eyes are employed simultaneously vision is said to be 
"Binocular.” The principles of it are easily explained, and will bo 
understood by means of the following figure, and a few words of 
explanation. 

Let L, It, be the two eyes employed simultaneously. Then only 
one point can be aeon distinctly at any instant of time, and that is 
tho point to which both the optic axes 
are directed and at which they meet, as 
shown by the point A in tho figure. If 
B, 0, be other points, then tho mind is 
simply warned of their existence by their 
images upon the sides of the retime, and 
distinct vision of them is not obtained. 

But the eyeballs are capable of being 
turned in their sockets with extreme ra- 
pidity and precision, and the optic axes 
may be united at several points in suc- 
cession by muscular motions which are 
almost instantaneous, so that it is by tho 
comparison which tire mind is nlilo to 
form of the efforts made by the voluntary 
muscles in enlarging or contracting tho 
angles LAB, LB It, LCIt, that tho most 
certain estimate of tho comparative dis- 
tance of near objects is obtained. Hence 
arises the important difference between monocular and binocular 
vision, for by means of the latter additional certainty is given to 
our appreciation of distance, and hence arise all tho remarkable 
phenomena of stereoscopic effect. 

. As a proof thut only one object is scon distinctly at a time, it is 
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SSiSl 1 !! s t efl T ? • di r “ of * *>* «» 

fl 9 beyond it j 

being seen trough Adistiiiofly. tians l ,areafc > ^stant objects 

changes whicU^alra^S^i^^ijQ 11 ° nn ke Stained f «>»i Uio 
eye to suit the different distant n ™£ omonts of a single 

few inches and infinity. * ° ° >jec s between the limits ol 1 a 

Visual Rays. See “Perspective.” 

proto-sulphate oHroV^" oil of vifi ” ; "F mi vMa] ” 

vitriol ” sulphate of zinc. “ 1 sul i )lumo aci(1 5 «ud « white 

“ volume “■ ^ *“ ° CCll l )le(1 ^ a "7 solid body is called its 

Imo'H l0ng n *** "'“1 .«*■ 
dimension; and Number no dimension htea ® ki Lo »^K only 

tnin sulphur, added cht^Torlllo wnrnose^f? 11,0 M ' TJies ° C0IV ' 

ness of the surface. y 1 1 ’wipose of diminishing the sticki- 

awears to be^hf bek that° ifas^f m0 ^ fl . of washing prints 

°f it was given by the author in Plmin ^T- ' xr' 8C( ' Pl,c ftCC0U,, t 
“After a print No. 21. 

fnnee to remove every trace of | IV iJ J f ° ' of t ie Htm06t ««por- 
f it will cause U./p^ 

Ihe print is generally washed i,,!, ? K,cr l ,° , ' cmo ''« tiic hypo, 
nJJou’cd to remain in water seLal l.otrs B*! l | 8evomI ti,ncs > 
of pnnts are to be washed at the Si r But when a & Teat number 
be provided for each, so it is cuaB a Sfi * )arate dish cannot 
togetlier in the same vessel of water ”¥£, a . liambei ' of prints 
settle to the bottom, and lie there B n „i ? 1 * 18 (Iono t!| oy soon 

caunot easily get between them and B £ SC ^ l )acke( l that the water 
jvben the wntl- is agitated t bSt ^ ° U tke . « is only 
few minutes after each change that It IW ' ■ ! nterva,s > ^ for* 

acts to advantage. It is desimhln ti nrl ^ between them and 
state of con.tnn! kee P tile water in a 

“ desfaUe 
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favours the action of hypo in causing a print to facie. The ob- 
ject is therefore to remove _tho hypo as quickly and effectually as 
possible. 

" Various plans have been proposed for accomplishing this end 5 
and when a constant supply of water is obtainable, as it is in most large 
towns, it has been a common practice to leave a tap constantly run- 
ning into the vessel which contains the prints, the overilow passing 
into a sink beneath. But the following plan is a great improvement 
on this, because the prints arc caused to circulate freely round the 
vessel without sticking together, so long as the tap is kept run- 
ning: — , 

“ The vessel is made as in the figure, with sides slightly inclined 
outwards, like a washing tray, it should bo square, and not too 
deep, or too large for the supply which 
is to run into it. The jet of water 
from the lap is directed obliquely 
against the further side of it near the 
left-hand corner 5 it is then reflected 
to tho adjoining side, and thus a ro- 
tatory motion of the fluid in the direc- 
tion of the arrows is established and 
maintained. Tho Vessel is of course 
always full, and the surplus runs over _ . 

the edge, ns shown in tho figure. The prints immersed are m tins 
way kept in a state of constant rotation, not cu masse, < but each, 
print following its own particular course, without adhering to its 
neighbour. In order to insure tho change of tho water at tho 
bottom of the vessel it may bo well to make a little hole about 
the size of a oribbngc peg, ns shown in tho figure. 

“ This method of washing paper proofs is extremely simple and 
effective." 

Watru. 110=9. Water may be considered ns the protoxide 
of hydrogen, being composed of one atom of oxygen and one of 
hydrogen ; or, which is tho sumo thing, of two volumes of hydrogen 
and one of oxygen. 

Water in its ordinary state exists either ns ram, or river, or spring 
water. _ , , 

Rain-water always contains carbonic acid, ammonia, organic 
matters, and sometimes nitric acid. It becomes putrid whou kept. 
If collected in leaden vessels oxide of lead is readily formed and a 
small quantity dissolved by it. Rain-water is not suitable for tho 
nitrate bath or developer, although perhaps better than spring-' 
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water since it does not contain salts which form imieitulnUs wit 
nitrate of silver. 


ami carbonate of lime dissolved in carbonic acid ; those rn'mlticw ppg* 
cipitates or turbidity in the water when nitrate of silver m inMml m 
it. _ Carbonate of lime may be thrown down by boiling lim water, 
which expels the carbonic acid which keeps it in solution. IVoUsr 
is said to be hard when it contains salts of lime. 

steam T , b °.J ), ; Wfied Jy <listillftUon and condonsnlibn of Jf« 

’ i , , det ]t doe9 nofc contmn volatile oil ov <mi»vr<-i»iijitie 

S;t ch f rr?" ?r gcneral i y iu ^ «« 

con ; 1 eil f lg 1 t, 1 lc st ™*- from steam boilers. iWtafc 

die ml^dUatinn nf r delle "! c f . | f operations is olitomwi £ 
temneratniT l °Ti fi ( ^ !nm ’y distilled water in silver vessels nt n km 

t0 lC3t mm ’ a ™>“ 
VG F , sliglltI ‘ y compressible, mad when submit led m 

a Juitffiffl' 1 ’ 1 ™ lum i! ,OU8 ' n « 

bulk, therefore ice floois, Water "hi So XI" l '*"'?’ 1*' 

salts held in solution therefore mel! 1 • 1 g> lcj0cte >»Tl»int!Wi, or 

•OBbufitm ofTvohine of k£ 106 'W > nro ™ ta ' Tto 
volumes of steam At a meal nh? ? ,U ! 1 oI “OTn produce f 

,ure « o f tL ''" i " ra - 

&ssrittsri, s to e'? i* 

'mb it nitrate of soda and dilute l \\S • GX W him '» l y by mixing 
sn'plmte of soda and nitric acid tll0U ir **» of 

, J 50 ’ ai ' (l JS almost entirely solnbk in biV° tai ! IB< ?‘ ^ <lx J>wU# 
hut oncoobno-f.lifl n w,~i . . We m boiling alcohol . »»*/( other j 


s. sc 

&..SS - > iViiSS.r S"i;;S 


WAX 


WHI 


409 


Many vegetables secrete wax from their leaves and stems, In- 
stances of this occur ns myrtle- wax, pnlm-wax, Japan-wax, Ocuba- 
wnx, sugar-cane-wax, cork-tree-wax, &c. 

White wax is commonly sold in round Hat cakes, and is frequently 
adulterated with tallow, steariuc, &c. 

Wax may bo mixed in any proportions with oil of turpentine. 
Positive prints, or sheets of paper rubbed with this mixture, acquire 
a high polish on the evaporation of the turpentine. The ancient 
fresco paintings upon the walls of houses wero varnished and pre- 
served with wax. See “ Encaustic Painting .* 1 

Waxed Paver Process. Sea “ Calotype Process,” Class S. 

Waxing Apparatus. In the paper negative processes the 
paper is generally waxed either in the first or last stage of the opera- 
tion. The best mode of doing this is to procure nn oblong apparatus 
of ’/.ine or peVvter, made exactly on the principle of a hot water 
plate, This is filled with boiling water, and placed over the flame 
of a spirit lamp to maintain the temperature. Tho sheet of paper, 
or paper negative to be waxed is then laid upon tho bottom of the 
upper part of the apparatus, and a cake of wax rubbed over it, until 
the paper has completely imbibed tho wax. It is then removed, and 
a fresh sheet introduced. When a sufficient number of sheets have 

one at a time, before the lire 
collected in a saucer. They 
of blotting paper, with a 
patches of wax appear on 


Whey. See “ Serum of Milk.” 

White Enamel, Glass rendered white and opaque by the 
addition of oxide of tin. "When ground it forms a beautiful substance 
to print upon, tho negative being copied by a Ions, and tho wet 
collodion process employed. 

White Lead. Carbonate of lead. This substance should 
never be ground by hand, but by machinery, as tho minute particles 
which escape into tho air are fearfully injurious to tho health. The 
pallid, siokly appearance of painters is mainly attributable to tho 
extensive use of white lead in paint. Zinc paint is not open to tho 
same objection. 


becutvcntcd in this way, they are held, c 
and the superfluous wax which runs olf is 
are afterwards ironed between sheets 
/ moderately hot iron, until no sinning 
^either side of tho paper. 
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White Fire. Mix together 

24 parts of saltpetre. 

7 parts of sulphur. • , 

2 parts of realgar (red sulphide of arsenic). 


Wood Alcohol. This substance, which is the alcohol Slst 
methyl series, is sometimes called “ wood naphtha,” mid r< p$wto» 
xvlic spirit.” It is one of the substances obtained from ' 
destructive distillation of wood, and is purified by rediHtilbitwm mm 
cjuieklime. To obtain it pure, Kane adds to it chloride nf mMasW- 
in excess, and distils the mixture on a water bath ns long- na v* 
matter goes over. (This consists of pyro-ncetic spirit nml 
products.) The compound of wood alcohol and chloride of m 
remains in the retort. . To tlii3 he adds a quantity of water i n 
that of the original spirit, and continues the distillation. Tbs? 
duct which now passes over is pure wood alcohol diluted with wflitaft 
urlnch may be separated by redistillation over quick lime. 

* ol is a lira])icl h ft ving an aromnfcio taint, ream* 
hhng that of peppermint. Its S. G. at 60° is -800. it mixm tm 

rnnlr Tn-mnn, IT? ;!' ntei > alcol !° 1 1 - ether j is neutral to trnm 
paper, permanent m the air; and bods at IB0 P . 

„, ls alc ° I,< ?! is extensively used ns a solvent in making varnish*®, 
and also collodion, “Methylated Spirits.” It nlos.ly r"«muS 

ritsiT r*, of “* ™ ciio " 3 ‘ but ia »* «•>* r« j«<; 

on account ot its hot and pungent taste, * 


Wood-Vinegar. See “ Pyroligneous Acid/ 


woSkH' XTalTZ^ri A Yf°i U1 ; ON ; Ti,C WO{ul 

positive prints could be obtained uim^H a° P f 0 ’” P llt>,n K , '<'|* J, . v - «f 
without injury to the tcxtmo of th wood "tVl Z™"'" Warfw ' 
winch appears to be the best J following |>mw«% 

Photographic) Notes, No. 40 eiid L Xe to°M ’ t' ,? xtr " c, f cl fh "" 
known wood engraver in Pans. ‘ dWe 1 knllomniid, n well 

M. Lallemnnd, is a skilful engraver^ 11 !!! aboufc to 

transactions with the editors °of works ilfa 
wood engraving is often employed )m l ! ration of whJeb 
problem stated above. But afS-f Jl v* d T. 01wed to solve this 

* J* *1 ** }lmm r 

die wood should 


not be affected by the ^hoto^nhin ^? Ba ^ y 1 fclmt t3 * c Wood alioulll 

" - - -‘-‘Sara-.- =**; 
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interfere with the operations of the engraver. After ir P° 
venr of fruitless experiments, M. Lallomniul chscoveretl a i jocesa 
which is free from the above objections, ntul he him pu hM\ .1 . it m 
a communication made to the Academy of bcionccs, m the Cloning 

tC1 ” ‘The surface of the wood (mid that only), is snTnuitind ^Ln the 
action of a solution of alum, and dried. lho entire block is t • 
coated with a mixture of animal soap, gelatmo, and ulu m. ■ W ; -it 
dry, the surface which is to receive the imago is plm.ul 1m * m . 
minutes on a solution of hyfoooh^ 

dry. It is next placed in a nitrate bnth, contain mg UonLy jiu 
cent, of nitrnto of silver, and dried in lho dark. A negative, oitlioi 
on glass or paper, is then applied to tlm sensitive suvlnco oi 
wood, in a pressure-frame made for the purpose, which idlows tit 
progress of the printing to be watched. J ho image is fixed, by u 
saturated solution of hyposulphite of soda. A few minutes m thro 
solution will suffice, ft is then washed lor Jive mimics only. _ 
“The swing protects the wood from any moisture, mid eight 
months* experience has proved to the inventor that tlm employment 
of alum and hyposulphite, instead of loosening tlm texture ot Uio 
wood, gives it a great toughness, which is favourable to onguiving. 


Xyloidinb, Nituamimne. This substance is obtained by tlm 
action of nitric acid upon starch, or lignin. By noting on alnwm 
with fuming nitric acid ft transparent jelly is formed, mid on adding 
water xyloidino is precipitated as a white granular substance, A. 
portion of this is soluble in a dilute solution of enustio imiUish, mul 
yields a white flocculcnt precipitate on tlm addition ol acetic acid. 

Xyloulino is softened but not dissolved by boding water, Imt la 
solublo in concentrated sulphuric acid, mul also in dilute mine imul ; 
concentrated acetic acid also dissolves xyloulino into a think lnuoil- 
Ingo, with which water forms a white cougulum. On evaporating 
the acotio solution of xyloidino a transparent residue remains, wlucli 
forms a brilliant varnish when spread upon wood or paper, ami 

resists the action of water. 

Xyloidino is nearly insoluble in alcohol. Its composition, accord" 
ing to Ballot, is C w H, a 0 M N. T.t is very iiiilamiimble, but not 
explosive. Cold concentrated nitric acid converts lignin into u 
substance very similar to the xyloidino obtained from starch ^ tins 
protracted action of nitric acid on lignin, aided by limit, yields 
oxalio acid. 


Yellow Calico, Paper, fee. When used for photographic 
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purposes tlie tint should verge on orange rather than green. Two 
layers at least should always he employed, because white light jnissoi 
through the innumerable interstices between the fibres of the mil i no. 
Yellow calico is generally bleached by light, and requires to he 
renewed from time to time. 


Zinc. Zn.=32, A bluish-white metal of great utility in the 
arts, and chiefly found either as an oxide, or sulphide. A sheet of 
polished zinc is readily oxidized by exposure to damp nil*, but tin? 
grey film of oxide formed protects the motal boneath from further 
oxidation. _ Commercial zinc is generally contaminated with lend, 
cadmium, iron, and carbon. Nearly all the metallic oxides tiro 
reduced by zinc, which proves its high affinity for oxygen. 


Zinc, Oxide oe, Zn. 0=40, There is only one aid i liable, 
oxide of zinc, viz. the protoxide, which has been called “ nihil 
a ™> “ philosopher’s wool,” and “flowers of zino,” it i« a 
white, flooculent, tasteless substance, obtained by intensely hunting 
the metal in contact with air, when it burns with a bright ‘flume and 
produces the oxide. _ A pigment both in oil and water-colours in 
made with it ; and it is found to combine with oil, and form n dryer 
in the same way as litharge, being at the same time much hum 
injurious to the painter, and emitting loss smell than white haul. 

Uxide of zinc combines with water and forms a hydrate, it ia 
readily soluble m acids, and also in the caustics fixed alkalies, and in 
pure, and oarbonated ammonia, 


BEAUM&S HYDROMETER; OR AREOMETER. 


TABLE showing tiie relation between Specific Gravities 
, and Degrees of Beaume’s Hydrometer, foii Liquids 
heavier than Water, 


S. G. B. 

S. G. B. 

S. G, B. 

S, G. B, 

S. G. B. 

1*000— 0 

1*126 = 16 

1*286=82 

1*601=48 

1*801 = 64 

1*007= 1 

1:184=17 

1*298=83 

1*626=49 

1*823=06 

1*014= 2 

1-143=18 

1*309=34 

1*632=60 

1*847=66 

1*089= 3 

1:162=19 

1*821=36 

1*549 = 61 

1*872=67 

1*029= 4 

1*161=20 

1*334 = 36 

1*666=62 

1-897=68 

1-080= 5 

1*171=21 

1*346=37 

1*683 = 68 

1*921 = 09 

1-044=* 6 

1*180=22 

1*369=88 

1*601=64 

1*946=70 

1*06?= 7 

1:190=23 

1*372=39 

1*018 = 66 

1*974=71 

1*060= 8 

1*199 = 24 

1*384=40 

1*687 = 66 

3*002=72 

1*067= 9. 

1:210=26 

1*398=41 

1*666=67 

2-031=71 

1*076=10' 

T221=2G 

1*412=42 

1*676=68 

2*059=74 

1*083=11 

1:231=27 

1*426=43 

1*606 = 59 

2*087=76 

1*091=12 

1*242=28 

.1*440=44 

1-714=00 


1*100=13 

1*262=29 

1*464=46 

1*736=61 


1*108=14 

1*264=30 

1*470=46' 

1*768=62 


1*116=16 

1:276 = 31 

1*486=47 

1*779=68 



nm ? u ,,5 e nbo 7° sc 1 nle > 0 corresponds to pure water at 58° Dalit., 
d the numbers 1, 2, 3; &o., correspond to water containing 1 
2, 3, &c. } per cent, by weight of common salt. ' S * 
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TABLE 

‘ Eou Liquids Lighter than Water. 


s. a b. 


1 - 000=10 
•993=11 
•087 — 12 
•980=13 
•973=14 
•967 = 15 
•900=16 
•954=17 
•948=18 
•942=19 
■930 = 20 
•930 = 21 
•924=22 
•918=23 
•918 = 24 
•907 = 25 
•901=20 


s. a b. 


•890 = 27 

■890=28 

■885 = 29 

•880=30 

•874=31 

■870=32 

•864=33 

•859=34 

•854=36 

•849 = 80 

•844=37 

•840=38 

•834 = 39 

•830=40 

•826=41 

•820=42 

•816=43 


S. G, B. 


•811=44 
■807=45 
•802=46 
•798=47 
•794=48 
•789=49 
•785 = 50 
•781 = 51 
•777 = 52 
•772=53 
•769 = 54 
•764=55 
•760 = 50 
•700=57 
•768 = 58 
•749 = 60 
•745 = 00 


The Areometer for liquids heavier than water is sometimes called 
p&sc-acidc,” or “ p&so-syro]) for liquids lighter than water 
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ALCOHOL. 


TABLE silowing the Proportion by Weight op Absolute: 
Alcohol (S. (1. '7938) contained in 100 parts op Spjiuts 
OP DIPPERENT SPECIPIC GRAVITIES, AT 60° PAII1U5N1IEIT. 
(Foiones.) 


S.G. 

For Cont. 
of 

Alcohol. 

S.G. 

Per Cont, 
of 

Alcohol. 

•9991 

0-5 

■9638 

26 

•9981 

1’ 

•9623 

27 

•9966 

2 

•9609 

28 

•9947 

3 

•9693 

29 

•9930 

• 4 

•9678 

30 

•9914 

6 

•9660 

31 

•9898 

6 

•9544 

82 

•9884 

7 

•9628 

83 

•9869 

8 

•9511 

34 

•9866 

9 

•9490 

36 

•9841 

10 

•9470 

36 

•9828 

11 

•9462 

37 

•9815 

12 • 

•9434 

88 

•9802 

13 

•9416 

89 

•9789 

14 -T 

•9396 

40 

•9778 

16 

•987:6 

41 

•9766 

16 

•9366 

42 

•9763 

17 

•9335 

48 

•9741 

18 

•9814 

44 

•9728 

19 

•9292 

46 

•9716 

20 

•9270 

46 

•9704 

21 • 

•9249 

47 

•9691 

22 

•9228 

48 

•9678 

23 

•9206 

49 

•9866 

24 

•9184 

60 

•9662 

26 




Pop Cont. 
S. G. of 

Alcohol. 

Pop Cont, 
S. G. of 

Alcohol. 

*9160 

61 

■8681 

70 

•9136 

62 

•8567 

77 

•9113 

63 

•8638 

78 

•9090 

64 

•8608 

70 

•0069 

56 

•8483 

80 

•9047 

66 

•8459 

81 

•9026 

67 

•8484 

82 • 

•9001 

68 

•8408 

83 

•8979 

69 

•8382 

84 

•8966 

60 

■8367 

85 

•8932 

61 

•8381 

88 

•8008 

.62 

■8306 

87 

•8886 

63 

•8279 

88 

•8868 

04 

•8254 

89 

•8840 

66 

•8228 

00 

•8816 

66 

•8199 

91 

■8703 

67 

•8172 

92 

•8709 

08 

•8146 

03 

■8746 

60 

■8118 

94 

■8721 

70 

•8089 

96 

•8690 

71 

•8001 

08 

•8672 

72 

•8081 

07 

•8649 

78 

•8001 

98 

•8626 

74 

•7909 

99 

•8603 

76 

•7038 

100 


ACETIC ACID. 


TABLE Shewing the Specific Gravity op Acetic Acid at 
Different Deqrees op Dilution. (Thomson.) 


Atom of Aokl. 


Atoms of Water. 


1 

+ 

1 

S3 

1 

+ 

2 

= 

1 

+ 

3 

= 

1 

4* 

4 

— 

1 

+ 

5 

33 

1 

+ 

0 

33 

1 

+ 

7 

= 

1 

+ 

8 * 

ss: 

1 

+ 

9 

S3 

1 

+ 

10 

33 


Spoolflo Gravity at GO 5 . 

1*00290 

1*07000 

1.07084. 

1*07132 

1*00820 

1*00708 

1*0084)9 

1*05974 

1*05794 

1*05430 



BAROMETER SCALE IN MILLIMETRES AND 
; INCHES, 


2 1 inoliC3 
29 „ 

80 „ 

31 „ 

1 millimetre 
1 inch 


711*187 millim&troa 
735*587 » 

761*980 „ 

787*886 ,, 

0*08987 incli 
25*39954 millimetres 
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NITRIC ACID. 


TABLE showing the quantity ot? Nitric Aon) in 100, 
parts op Dilute Aoid op different Speoipio Gravities. 
(0m) 


■ Specific Gravity of 
Dlluto Aoid, 

No, of Parts 
of 

Liquid Acid, 

B. G. 1-6 in 100, 

Number of Parts 
of 

Anhydrous Aoid in 100. 


100 

70-7 

. 1-4880 

.95 • 

_ 75-716 

. 1-4780 

90 

71-730 

1*4570 

85 • 

67-745 

1-4885 

80 

03-760 

1-4189 

76 

59-775 . 

1-3978 

70 

55-790 

1-3732 

66 

51-805 

1*3477 

60 

47*820 

1-8216 

65 

48-835 

' 1-2947 

50 

89-850 

' 1-2044 

45 

85-805 

1-2341 

40 

31-880 


36 

27-895 

1-1709 , 

30 

28-900 

1-1403 

26" : 

19-925 - 

1-1109 

20 

15-940 

1-0821 

- 15 

• 11' lb 6 

1-0540- 

10 

• 7-970 

1-0267’ 

5 ; 

'•8-985 


_ The intermediate parts may be found with sufficient accuracy by 
simple proportion. . ; . 
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TABLE OE THERMOMETRICAL EQUIVALENTS. 


Fftht. 

Reaumur. 

CJontigmlo. 

212° 

80° 

100° 

200 

74*86 

93*33 

190 

70*22 

87*77 

180 

65*77 

82*22 

170 

81*33 

76*08 

100 

56*88 

71*11 

150 

52*44 

65*55 

l-l-O 

48 

60 

130 

43*55 

54*44 

120 

39*11 

48*88 

110 

84*66 

48*33 

100 

80*22 

37*77 

90 

25*77 

82*22 

80 

21*33 

28*66 

70 

. 16*88 

21*11 

80 

12*44 

15*55 

50 

8 

10 

40 

8*55 

4*44 

32 

0 

0 

20 

- 5*33 

-6*88 

10 

-9*77 

-12*22 

0 

— 14*22 

-17*77 

-10 

-18*86 

-23*83 

8ic, 

&c. 

&o. 


Water boils. 

Alcohol boils. 

Liquid Ammonia boils. 

Blood heat ; Ether boils. 

f Medium temperature of the 
[ surface of the earth. 

Water freezes. 

Brine freezes. 

Brandy freezes. 


To reduce Centigrade to Fahrenheit* Multiply by 0, divide by 5, 
and add 82, 

To reduce Fahrenheit to Centigrade, Subtract 82, multiply by 5, 
and divide by 9, 



FREEZING MIXTURES. 


Without Ice. 


Muriate of Ammonia . 
Nitrate of Potass 

Water . 

. . B parts' 

• • s „ 

■ • 1G „ . 

■ from + K0° to +10° 

Nitrate of Ammonia . 
Water 

. . 1 part . 

• ■ 1 „ 

> from +50° to +<t° 

Sulphate of Soda 

Diluted Nitric Acid , 

. . 8 parts 

• • .8 „ . 

> from+BO 0 to -30 u 


With Ioe. 


Snow 

Salt .... 

. . 2 parts 

■ • 1 » 

> to -5° 

Snow . ; . 

Salt 

Nitrate of Ammonia . 

. . 12 parts*} 

• • » „ : 

■ ■ 5 „ 3 

to — 25° 

Snow 

Chloride of Calcium . 

. . 1 parts ‘ 

• . 6 „ j 

■from 82° to -'10° 

Snow 

Diluted Nitric Acid . 

• . 7 parts ‘ 

• 4. „ _ 

■ from 82° to —30° 

Snow 

Potassa . 

. . 8 parts ‘ 

■ • 4 » -j 

^from+ 82 0 to — 61. ® 
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ENGLISH IMPERIAL MEASURES. 

LONG MEASURE. 

The imperial yard bears to the length of a pendulum vibrating 
seconds of mean time in vacuo, at the sea level, in the latitude of 
London, the ratio 86 : 8 9 '1393. 

1 inch 

12 s= 1 foot 

80 = 8 = 1 yard 

72 = 6 =3 2 s=s 1 fathom 

198= 16i= 1 pole, perch, or rod 

7920 =s 600 a 220 = 40 as 1 furlong 

03360 = 5280 = 1760 = 320 = 8 = 1 mile 


IMPERIAL MEASURE. 

The imperial gallon is the volume occupied by 10 pounds avoir- 
dupois weight of distilled water, weighed in air at 62 p Ealit,, the 
barometer being at 80 inches. ■ . 

Equivalents in Tray grains, 
Distlilort water 02° Fill it. 


1 pint 

. 


. 

2 = 

1 quart 

. 

8 = 

4 = 

1 

gallon . 

16 = 

8 = 

2 

= 1] 

64 = 

32 = 

8 

= 4 

512 = 

250 = 

64 

= 32 


1 bushel 
8 = 1 quarter 


8750 

17500 

70000 

140000 

560000 

4480000 


APOTHECARIES MEASURE. 

Troy grains. 

DhlNlotl water at 02° Fnlit. 

1 minim 

60 =r 1 fluid drachm . . ■ ■ . 54*7 

480 = 8 = 1 fluid ounce . . 487'5 

9600 = 160 = 20 SB l pint . . . 8750 * 

73800 = 1280 = 160 = 8 = 1 gallon . 70000 * 


IMPERIAL CUBIC MEASURE. 

Equivalents in Equivalents in Troy gruitiB, 
ouliic inchos. Distilled water at 02“ Fulit, 


1 gallon 
1 quart 
1 pint 
16 ounces 
1 ounce 


277*274 

69*8185 

84-65925 

27*72740 

1*78296 


70000 

17500 

8750 

7000 

437*5 
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ENGLISH IMPERIAL WEIGHTS. 


The grain is the same in Troy, Apothecaries, and Avoirdupois 
weights. 


AVOIRDUPOIS WEIGHT. 

Equivalent In 1'roy guiltm. 


1 dram ...... 27*81875 

10= 1 ounce .... 437*5 

250 = 16= 1 pound . . . 7000* 

8584= 224= 14= 1 stone . . 98000* 

28672= 1792= 112= 8= lowt. . 784000* 

473440=36840=2240=160=20 = 1 ton . L5G80000* 


TROY WEIGHT. 

1 grain. 

24 = 1 pennyweight. 

480 = 20 = 1 ounce, 

5760 = 240 = 12. = 1 pound. 


APOTHECARIES WEIGHT. 


1 grain . . 

20 = 1 scruple . 

60 = 3 = 1 drachm 

480 = 24 = 8 = 1 ounce 

5760 = 288 = 96 = 12 = 1 pound 


Observe : 437*6 grains are considered equal to 1 ounce of nitrate 
of silver ; that salt being sold according tq. : ,the Dublin weights* in 
which the scruple is only equal to grains, and the ounce 
equal in weight to a fluid ounce of distilicclwatev at 02° Paid. 


Symbols. 

{?»•• 

9 

3 

l 

ib 



FRENCH WEIGHTS. 


Troy Weight. 


Millegramme 

Contigrnmmo 

Decigramme 

Grammb 

Decagramme 

Hectogrmnc 

Kilogramrao 

MyviiigrnmmG 


Troy Grains. 

X.bs. 

0.8, 

Drms. 

Grains. 

*0151 





*1543 





1*543 = 




1*5 

15-482 = 




16*4 

154-323 = 



2 

»i'J i 

1543*234 = 


3 

1 

43 

15432-348 = 

2 

8 

1 

12 

164323-488 = 

20 

9 

-4 

3 


FRENCH MEASURE OF LENGTH. 



English. 


English InohoB. 

Miles. 

Furlongs, 




Millimetre = *03987 





n_ 

Continietro = *89371 





■■ 

Decimetre = 8'937u8 





mm 

Mktre = 89*87079= 



1 

0 

Decametre = 893*7071)0= 



■4V 

2 

u/ 

Hcctomefcro= 3937 '070 = 




1 

1 

Kilometro = 30370-79 = 


4 

218 

1 

10 

Myriametvo=8037O7'9 = 

6 

1 

160 

0 

0 


Tho Metro iB fcho length of a hocoikVs pendulum nfc Paris. 
Tl>o Kilometre is rather more than halt a luilo. 


FRENCH MEASURE OF CAPACITY. 


MUlitro 

Centilitre 

Decilitre 

Lituk 

Docalitro 

Hectolitre 

Kilolitre 


English Cnlilo Inches. 
= -0010= 
«n *0108= 
= 0'1027= 

= 01-027 = 

= 010-27 = 

0102-7 = 

01.027 


Myrinlitvo =010270* 


Tho 1'i-onch Litre In nob quite nn English Quart. 


English 

Gallons. 

Pints. 

Fluid Osb. 

DrniB, 

Minims, 

16*9 




2 

60 



3 

4 ! 

18 


1 

15 

2 

11 

2 

1 

12 

5 

51 

22 

0 

7 

8 

8 

220 

8 

10 

7 

30 

2204 

4 

10 

8 
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T. OTTEWILL & CO/S 

NEW TEAK CAMERAS EOR INDIA. 


Oivpt. Fowkb's Camera Open. Capt. Fowkb'b Oamora Shut. 




1 ' OTTEWILL ato Co. bog to inform tl»o Trade and Public generally, 
tllat having made for tho Government departments Capt. Warn 8 Camoras 
with Teak, and having also mado several improvements In the construot on 
of the same, thoy can highly recommend thorn as homg the most portable 

a I jlTs. lightest eVoms in ,.so, tl.a 10 x 8 , with to 

frames, focussing screen, &o. is in tho Bmall compass, when closed, of 12 $ 
inohos x loir X 84, outside monauromonb. 

T OTTEWILL & Co’S now STEREOSCOPIC BOX CAMERA, has 
given gonornl satisfaction, and they havo already boon ffivoured with very 
gront patronngo for it 5 tho box contains camorn and lens six hacks a d 
focussing screen, tripod bond and board} tho board Ib ho arranged that a y 
angle oan ho obtained. Tho box is 184 Inohos long by 1 inches wide and 
6 inohos dcop, outside measurement. 

Their DARK BOX also continues to recoivo public favour for transferring 
propnred plates from tlio box to tho oamora in sunshine, without injury. 

Thoir REGISTERED DOUBLE-BODIED FOLDING CAMERA 
continues to givo, as it always has given, tho greatest satisfaction, foi its 
simplicity and portability. 

ILLUSTRATED PRICED CATALOGUE aont ftoo on application. 

T, OTTEWILL & Co.’S new PORTABLE TENT is tho most efficient in 
use, and is equally applicable to tho Room ns tho Field. 

BRASS BOUND CAMERAS, and ovory description of Photographic 


Apparatus for India. 

MANUFACTORY, 

CHARLOTTE TERRACE, ISLINGTON, LONDON. 

•i 1? v 
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Advertisements. 


PHOTOGRAPHIC CHEMICALS, APPARATUS, & LENSES, 


R. W. THOMAS, CHEMIST, &o., 

MANUI> A.GTU HER OP PURE l'ltOTOGltAl’Hia CHEMIOALS, RRErARATJONH, 
AND APPARATUS, AND SOUR MAKER OF THE 
XYLO-IOBIDE OP SILVER. 

Tnia wolt-known Collodion is used oxtonsivoly fit nil tho principal Photogmphlo 
Establishments, anti by tho most distinguished Photographers, both at homo ntul 
abroad. Its superiority is so well known that an enumeration of its qualities is now 
hardly necessary. It may bo ns woil howevor to state, that no preparation ytitdls- 
covorod is so sonsitivo, it prodneos Negatives of groat brilUnnoy and intensity, tbo 
half tints in deopost shadow being at tho snino time cloarly rondorod, and works Irco 
from spate, stains, or any other kind of blemish. , , , , 

Testimonials from tho best Photographers, and somo of tho principal scientific root* 
of tho day, warrant tho above assertions. 

N ITRATE OF SILVER RATH for tho nbovo preparation can bo procured of R. IV. 
THOMAS, ready mndo, at a cost littlo moro than tho price of ingrodionts used. 

T HOMAS’S CRYSTAL VARNISH,— This valuablo varnish for protecting ivognllvo 
pictures, is applied without heat. It dries immediately ; tho coating wl U bo foiuni 
free mom stiokinosa, hni'fl, and transparent, 

T HOMAS’S CYANOGEN SOAP— for romovlng ail kinds of Photograplilo Htnlnfl. 
N.B, Tho gonulno 1 b made' only by tho Invontor, 

H YPO-COLOURING BATH— for permanently fixing and rendering tho positlvaa 
on paper dark and rich in colour. 


A LBUMINIZED PAPER carefully prepared.— Five-shilling sample qulros of thin 
pnpor, put up in suitable cases for posting, can bo had on receipt of Oh. ud.» 
payable by Stamps or Post Office Ordor to itICILARD IV. THOMAS. 

TN tbo APPARATUS DEPARTMENT of tills Establishment ovory kind of ilrst-clOBH 
4. Photographio Apparatus may bo soon, including i~ r . . ...... . a 

CAMERAS, folding and rigid, of superior construction. BRASS-BOUND GAMER AB 
For India j CAMERAS with RAOKWOIUt Adjustment. 

' Jointed and othor STANDS, of tho host make. PRESSURE FRAMES. I IIO LO- 
GRAPBIO OBEMIOAL CHESTS. 


GLASS BATHS, niTanged for eam>lng tho Silvov solution, thus dispensing with 
' ~ - md Funnel. STEWART'S IODIZING GLASS and Exhausting? 


tho use of a Bottlo and 
SYRlNGTil 

GUTTA PEROHA BATHS, arranged for carrying tho Silver solution for Platon lip 
to 18 by.l 2 inoheB, "•*' 

Ditto ditto, for PLATES up to 15 by 12 Inohos, with moyoablo anpporfs, ^ . 
Vortdoal Porcelain BATHS, for Hyposulphite of Soda. GLAZING I’RESSTCS, Pot* 
glazing Photographs when mounted on Card, size of stool pinto, 18 by 10 inches. 

Jointed LEYELLING-STANDS and SPIRIT-LEVELS. Froncli mid Engllsli 
WEIGHTS, in sets. Camol-ludr BRUSHES, round and flat. 

1 COLLODION PLATE-HOLDERS, for preparing largo Plates with facility, l’noii* 
matio*dltto;,2;5iv, 

PLATE-CLEANERS. , COLLODION GLASSES, graduated for mixing the two 
solutions, with wide mouth. . 

PLATE GLASS, of ail sizes, hovollod edgos. Doal and mahogany BOXES Tor 

^Graduated GLASS MEASURES, from' 1 drachm to 1 quart j also, FRENCH t 
GRADUATED MEASURES,' ft'om I gramme to 1600 grammos, 

A oholoe collection of PASSEBARTQUS, mndo exprossly for this houso, from origi- 
nal patterns. Also, ELECTRO-GET, T PAB8EPARTOUS. 

ALBUMINIZED and other PAPERS, Eronoh and English. A superior NEGATIV 19 
PAPER for OALOTYPE process. WAXED PAPER and IODIZED WAX PAPER. 
FILTERING TAPER, for Sliver nml othor Solutions. LITMUS PAPER, in boxo« . 
A great variety of Glass, Porcolaln, and Gntta-Porolin DISHES. Shallow and doop 

Worcester China Dishes, ...... 

PORCELAIN DISHES for whole-shoot Canson Paper. Ditto, ditto, for lialf-HllOOt. 
Also, a largo assortment of ROSS’S PORTRAIT AND LANDSCAPE LENSES. 
Caution Enoh Bottlo of Xylo-Iodide of Silvov is stamped with a Rod Label heav- 
ing; my, name, and address, RICHARD Wc THOMAS, Chemist, 10, Pall Mall—to 
counterfeit which is felony.— Mnimfkoturor of pnro Photographic Ohomicals, Proparn* 
lions, and Apparatus. 

Mr. Thomas's ENLARGED PAPER OF INSTRUCTIONS, for tho nso of bla 
preparation of Collodion “ Xyso-Iotiidr op Silviiu,” sont froo on receipt of Two 
Stamps for postage, or may ho hod bound on rocolpt of Thirtoon Stamps. Acldi’Ofc*, 
RTOHARD W. THOMAS, Cusuisr, &o, 10, Pull Mall. 


Advertisements, 


NOVELTY IN PHOTOGRAPHY! 

THE MINIATURE CAMERA. 

TUB LONDON STEREOSCOPIC COMPANY direct the Attention of 
Amateur end Professional Photographers to their 

NEW POCKET STEREOSCOPIC CAMERA. 

This I, Mg Apparatus, with Focussing-glass, oconplos a space of 4} ins. by 4 by 5. 


and converging ImvB 
i Genially applicable to W Wot or Dry l’rocQBHOS, and will bo D 


Is 

anti 


18 by 41 by 0. 

equally applicable to tho Wot or Dry rro cesses, a..u w». fonnd tho most compaot 
d comploto plcco of Apparatus yot contrived. £ g ^ 

Camera, Dark Slide, Focussing-glass and Parallel bars ■••■*•■••“3;;;;;;;^; * * ® 

London^Stwoosooi^ AcViromatio LonB, with 2 G 0 

stops , '■ 15 0 

“ON^^ 

Just out, 

ABC OP PHOTOGRAPHY. 

Ninth Edition. Prlco Is., Froo by Post. 

Thin wnvk is rondorod aB fihnplo as It Is possible, so that tho amatour may not bo 
iiovnloxod at the outset with aiiy ahstniso tochnicaltics, but bo onabloil immediately, 
nftov oarofully poruBtng 16 , to manipulate for lumsolf with success. 

THE TRADE SUPPLIED. 

StereofloepoB and Pictures in endless variety and at the lowest Wholesale 

Prloes, _ — 

BURGESS AMD KEY, 

05, NEWGATE STREET, LONDON, 

MANUfACTUnsnS OF 

GUTTA PERCHA PHOTOGRAPHIC BATHS,' TRAYS, 

&Q. & 0 . 850 . 

tho following prices 1— 


Iiitornnl 
Measurement. 


x 105 
x ill 


01 x 


is* « 

Storcoscopic bath, 3^x0 


Prlco, 
SL s, tl, 
U 4 0 
II ! (1 
0 1 0 
0 u n 

0 7 (l 
I) 8 0 
010 0 
018 0 
» 15 0 
10 0 
0 4 0 


TRAYS. 

A s. tl, 

0 2 0 
0 8 0 
0 4 0 
0 6 0 


,12 X 14 

14 X 10 

15 X. 10 


With 
tight top. 

. ’ 0 s o 0 

.11 7 0 
. (I 0 tl 
i 0 13 0 
. 0 13 0 

, 0 10 0 
. 0 18 0 
.110 
,18 0 
. U0 0 
.000 


A S, tl. 
(17 0 
0 0 0 
0 14 0 . 


41 X 0 , 

0 X ft. • • 

8 X 10 , • u 

1! ft K.’R NewWllodlon MataVdilor, tho most porfcct yet Introduced, will taka 
plates from Gx 7, to 12 by 11, G». , , 

Gutta Poroha Work of ovory description, made to order. 


trnumatm, l't/ATBH, wi.a#b, u» itu omun, vuiu ■u-'j j ~ 

Graduated Glass Mbabubes. A. ohoico ooUootion of Pabbiipaiitoub of BUiiorioi q 
Xiao, Kr/BOTiio-Gir/r Pabbhpaiitotib, PicoToaiurnio Papiuis, P 10 ™}' , 

Nbqatitb Pamb for Oaxottpb procoBB. Waxbd PArim amt . 

Genuine Pahbb Saxb, Fimbhiko Papbb, Litmub Papbb. Hobbb loimuis AN» 
LaMEBOAPH LbHBBS. LbTUUIOXIB'B LBNBBB. NBW GimMAN X.BNBK8. 

Illustrated Catalogue free on application. 

WILLIAM BOLTON, (lata BUTTON, and formerly DYMOND & Co.,) 

©peratlbe anU iWaitufacUwhtc Cljmtet, 

146, HOLBOIIN BARS, & No. 1, HOLBORN BUILDINGS, LONDON 


PHOTOGRAPHIC CLASS. 

JAMES IIETLEY AND GO., 

Supply every description of Glass used by Photographers, and of tlio vory 
best quality. ' $ 

Their new List of PrlccB will bo sent free on application, to 

JAMES EETLEJ & CO., 
ffilnsa iHcrcljnnfa, 

3 5, SOHO SQUARE, LONDON, W. 

WHEN FOR BUSINESS PURPOSES, PLEASE ENOLOSB (JARP. 
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PHOTOGRAPHIC INSTITUTION, 

168, NEW BOND STREET, W. 


Muaans. Cujjdaw, Howbbot, and Downes dcslro to draw tho especial 
attention of Architects, Engineers, and Artists, and of ftl\ those who wish to 
■possess Photocranhs of places or objects of interest, to thou' present arrange- 

SSTffi SSZ Of mynumta of EM-cta. Plotarc at tto 

also devote the greatest attention to the propor Printing of all Photographs 

011 Tho^hkowiao 1 supply Apparatus of tlio host description only; and give 
L ossoii s in the ^various Lanches of the Photographic Art at moderate terms. 

COUNTRY HOUSES, CHURCHES, WORKS in PROGRESS, VIEWS, 
WEDDING GROUPS, PAINTINGS, &o., Photographed. Each days 

attendance, Thrco Guineas and Travelling oxponsos. , 

A SERIES of SIX LESSONS in tho COLLODION and the PAPER 
PROCESSES, including tho PRINTING of POSITIVES. Pivo Guineas. 

THREE LESSONS in tho COLLODION PROCESS and PRINTING. 
Each Ono Gulnoft, , .. . 

A COMPLETE SET of APPARATUS for PICTURES, 8 in. x 6 in-, 
including a Ross’ Lens and Instruction, 1520. 

Ijorccor complete Seta for Pictures from 10 in. x 8 in. to IB in. x 12 in, 
with a^Por trait Lons and a Landscape L6ns by Ross, Including InstrucLio 
in tho Collodion and tho Paper Processes, from to dm 
Dark Box and Slide for tho Oxymol Process, for hoiding piopined plnte 
and transferring thorn to tlio Camera without exposure to Light, adapted to 
any Camova. , . 

HOWLETT’S PORTABLE TENT, which gives ample f 
is easily put up and taken down, stands well againstthe wtajj ’ 'Vg XoJ » « 
and without stiok in tho centre, weighs only 10 lbs. Price L8 1W. j 
with tablo dJ4i 4 s. 

THE CALOTYPE PROCESS. A Handbook to Photography mWF. 
by Thomas Suwon, h.a. Second Edition, carefully rev m , 

Chapters on Positive Printing. Price 2s. 0 ** po»t, *.8* 

THE PHOTOGRAPHIC PRIMER j for tho Uso of Boginnors in tho 
CoUodiori Process, hy Josepti Cu.ndatjP. Second Edition. Price 1,. post 

^ ON THE VARIOUS METHODS OP PRINTING PHOTOGRArHIC 
PICTURES UPON PAPER. With suggestions for their Pioscivatio . 
By Ronuiw.' IIowdett. Price Is. post froo. 

PHOTOGRAPHIC INSTITUTION, 

108 NEW BOND STREET, and a* Mb. HOWLETT’S RESIDENCE, 
108, NEW nu ^ mmom) I’IjAOE, KENSINGTON. 



BUBFIELD AND ROUCH, 

MANUFACTURERS OF 

PURE PHOTOGRAPHIC CHEMICALS, 
PREPARATIONS, AND APPARATUS, 

AND SOLE WHOLESALE AGENTS FOB 


MR. HARDWICK'S 

DXTEQ-.AJI’I-V'E OOLLOIDIO^ST- 

180, STRAND (oorner of Norfolk Street), LONDON, W.O. 


BURF1ELD & ROUCH rospootftilly solicit (in Inspection of their Exton* 
slvo Stock of FIRST-CLASS PHOTOGRAPHIC APPARATUS AN 1 > 
LENSES. 

COMPLETE SETS OF PHOTOGRAPHIC APPARATUS, from £8 
to £30. 

ALBUMINIZED PAPER of tho Finest Quality, sizo 114 * 94, 8#. (M. 
per quire. A Sample quire sont free per post, on receipt of 8«. Gif. in stamps. 


MR. HARDWICIPS 

PHOTOGRAPHIC PREPARATIONS. 

NEW NEGATIVE COLLODION 

May bo obtained in two solutions, at 16s. per pint, including Bottles } or, fbr 
tho convenience of Amateurs, in quantities nob less than 8 ounces In two 
solutions at 6s. 10#., with Bottles. Full directions for uso. 

CADMIUM IODIZER, for oebasionni^uso with tho above, 9d, per ounce. 
NEGATIVE NITRATE BATH, fbr tho above. 

, MR. HARDWICH’S NEW POSITIVE COLLODION, In two solu- 
tions, 16s. pei' pint, including Bottles, or 8 ounces in two Bottles, 6s. IOiL 
POSITIVE NITRATE BATH (40-grain solution). 

BURFIELD & ROUCH also direct the attention of Photographers to 
tbeir Preparation of 

PURE RE-CRYSTALLIZED AND DRIED NITRATES 
OP SILVERj 

Wnion is unequalled ab A PiloxoGBArnio Agent. 


Now Heady, 

ROUGH’S REGISTERED PORTABLE DARK OPERATING CHAMBER, 
FOR- WORKING IN TIIK OPEN COUNTRY. 



This contrtvanoo answovs ovory puvposoor ailavlc room, In plnco of wLloli It may 
1)0 uaod olthor at liomo or in tho npon country. 




and ManoliQBtor Phtitograplno Journal, July lBt,, &o,, &o. 

Full description Bout IVoo by pout. 

?*, o-.™, 

index, and which may be mod on any box or eland, <C3 Os. , JJiuo, j men 
ions for hamlscapos and Groups, .03, 

MiHiutooturort only by w 

SUREIBLD & ROUGH, 180, STRAND (comer of Norfolk Straot), LONUUN. 
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